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(54) digital signal processing method and apparatus 



(57) A digital signal processing method and appara- 
tus in which no noise is produced when switching be- 
tween an original sigma-delta modulated signal and a 
sigma-delta re-modulated signal obtained on sigma-del- 
ta modulation of the original sigma-delta modulated sig- 
nal. In a digital signal processing device 1, delay line 3 
delays the original sigma-delta modulated signal from 
an input terminal 2 by a pre-set number of samples. A 
sigma-delta modulator 6 sets the first-stage feedback 
loop to next stage feedback loop gain ratio to an integer 
and outputs a sigma-delta re-modulated signal. A bit 
length converter 5 matches the amplitude level of the 
original sigma-delta modulated signal entering the sig- 



ma-delta modulator 6 to the amplitude level of a feed- 
back signal to a first-stage integrator employed in the 
sigma-delta modulator 6. On reception of a switching 
control signal S D from an input terminal 7, the digital sig- 
nal processing device 1 causes a pattern coincidence 
detector 28 to detect pattern coincidence between the 
original 1 -bit signal S A delayed by the delay line 3, hav- 
ing a number of taps corresponding to the gain ratio, 
and a sigma-delta re-modulated 1-bit signal S B , to out- 
put a detection signal S T . This allows a switching con- 
troller 29 to control switching of a changeover switch 4 
to output a signal changed over from S A to S B at an out- 
put terminal 8. 
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Description 

This invention relates to a digital signal processing 
method and apparatus for switching between a sigma- 
delta modulation signal as an input signal produced by 
sigma-delta modulation, and sigma-delta re-modulated 
signal obtained on sigma-delta re-modulation of the in- 
put signal. 

For example, a method of digitizing speech signals 
for recording, reproduction and transmission is imple- 
mented in a recording/reproducing apparatus for a disc- 
shaped recording medium, including an optical disc, 
such as a compact disc (CD), or a digital audio tape 
(DAT), or in digital broadcasting, such as satellite broad- 
casting. In such digital audio transmission apparatus, 
the format has conventionally been set for the sampling 
frequency of 48 kHz or 44.1 kHz and the number of 
quantization bits of 16 or 24 bits for digitization. 

In such conventional digital-audio transmission ap- 
paratus, the number of quantization bits of digital audio 
data prescribes the dynamic range of demodulated au- 
dio signals. Thus, for transmitting the audio signals of 
higher signal quality, the number of quantization bits 
needs to be expanded from 1 6 bits of the current system 
to 20 or 24 bits. However, once the format has been set, 
the number of quantization bits can hardly be increased, 
so that it has been difficult to take out audio signals of 
higher quality from the conventional digital-audio trans- 
mission apparatus. 

As a method for digitizing speech signals : a method 
termed sigma-delta (XA) conversion as been proposed 
(see Yoshio Yamazaki, "AD/DA converter and Digital Fil- 
ter", Journal of Japan Society of Acoustics, Vol.46, No. 
3 (1990), pp.251 -257). 

In the accompanying drawings, Fig.1 shows, in a 
block diagram, a XA modulation circuit for LA modulation 
of, for example, 1 -bit digital data. In Fig.1 , an input audio 
signal from an input terminal 181 is supplied via an 
adder 182 to an integrator 183. A signal from the inte- 
grator 183 is supplied to a comparator 184 where it is 
compared to, for example, a neutral point potential of 
the input audio signal for effecting one-bit quantization 
every sampling period. Meanwhile, the frequency of the 
sampling period (sampling frequency) is 64 or 1 28 times 
48 kHz to 44.1 kHz conventionally employed. 

The quantized data is supplied to a 1 -sample delay 
unit 185 so as to be delayed one sampling period. This 
delayed data is converted by, for example, a one-bit D/ 
A converter 186 into analog signals which are then is 
sent to an adder 1 82 so as to be added to the input audio 
signal from the input terminal 1 81 . The comparator 1 84 
outputs quantized data which is outputted at an output 
terminal 187. Thus, with the XA modulation performed 
by the XA modulation circuit, a high dynamic range audio 
signal can be obtained with a smaller number of bits, 
such as 1 bit, by sufficiently raising the sampling fre- 
quency, as explained in the above publication. Moreo- 
ver, a broad transmission frequency can be realized. In 



addition, the XA modulation circuit has a circuit structure 
that is suited to integration, and high precision in A/D 
conversion can be realized relatively easily, so that it has 
hitherto been used widely in an A/D converter. The XA 
$ modulated signal can be restored to the analog audio 
signal by being passed through a simple analog low- 
pass filter. By exploiting these characteristics, the XA 
modulation circuit can be applied to a recorder handling 
high-quality data or to data transmission. 

10 Meanwhile, with the digital audio transmission ap- 
paratus employing the above-described XA modulation 
circuit, signal processing in the amplitude direction, as 
a sort of the amplitude control operation, such as fading, 
equalizing, filtering, cross-fading or mixing, that has 

15 been possible with the aforementioned digital audio 
transmission apparatus handling multi-bit digital signal, 
such as a 16-bit digital signal (multi-bit digital audio 
transmission apparatus), cannot be realized with the 
original bit length, such that favorable properties, such 

20 as broad range and high dynamic range, cannot be used 
to advantage. 

Among the fading operations, there are a fade-out 
operation of gradually lowering the reproduced signal 
level as time elapses, and a fade-in operation of gradu- 

25 ally raising the audio signal level from a zero level. 
These fading operations are customary as signal 
processing in the direction of the amplitude of the audio 
signal. 

Referring to Fig. 2, the above fading operation, car- 

30 ried ut on the above multi-bit digital audio transmission 
apparatus, is explained by referring to Fig.2. Referring 
to Fig.2, the multi-bit digital audio signal, such as 16-bit 
signal, from an input terminal 1 91 , is outputted at an out- 
put terminal 1 93 via a multiplier 1 92. If a control signal 

3S designating the fading start timing or the fading speed 
is supplied to a control terminal 194, this control signal 
is fed to a control circuit 195 for generating a desired 
fading signal. This fading signal is fed to a coefficient 
generator 1 96 for generating a coefficient which gradu- 

40 ally lowers the audio signal level to zero. This coefficient 
is supplied to the multiplier 192. 

Thus the digital speech signal, supplied to the input 
terminal 191, has its signal level gradually lowered at a 
designated speed by a control signal as from the timing 

4 $ designated until it is muted to a zero level, so as to be 
outputted at the output terminal 1 93, by way of perform- 
ing the fade-out operation. The fade-in operation of 
gradually raising the speech signal level from the zero 
level may also be effected by reversing the sequence of 

so generation of the coefficients. 

However, this processing cannot be performed on 
the XA-modulated digital speech signal. That is, with the 
XA-modulated 1-bit signal, the amplitude information is 
also represented as a 1 -bit pattern on the time axis, such 

55 that it has been difficult to multiply the amplitude by the 
multiplier 192 and to perform amplitude processing on 
the 1 -bit basis. 

It may be contemplated to convert the XA signal into 
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signals of the CD or DAT format, using a low-pass filter, 
and to perform the above fading operation on the con- 
verted signal. That is, in Fig.3, a 1-bit ZA signal, for ex- 
ample, is fed via an input terminal 201 to a low-pass filter 
202 for conversion into, lor example : 16-bit multi-bit 
speech signal. This converted digital speech signal is 
sent to a multiplier 203. 

Also a control signal designating the fading starting 
timing or fading speed is fed to a control input terminal 
204 and thence supplied to a control circuit 205 for gen- 
erating a desired fading signal. By this fading signal sup- 
plied to a coefficient generator 206, there is generated 
a coefficient gradually lowering the speech signal level 
to zero. This coefficient is sent to the multiplier 203. 

In this manner, the multi-bit digital audio signal from 
the low-pass filter 202, the signal level of which has been 
controlled by the coefficient from the coefficient gener- 
ator 206, is taken out at the multiplier 203. This digital 
audio signal is further sent to aZA modulator 207 for re- 
conversion into, for example, a 1-bit ZA signal which is 
outputted at an output terminal 208. 

Thus, the ZA signal from the input terminal 201 , the 
level of which has been gradually lowered to the zero 
level at the designated speed from the timing designat- 
ed by the control signal, is outputted at the output ter- 
minal 208 by way of performing the fade-out operation. 
The fade-in operation of gradually raising the speech 
signal level from the zero level may also be performed 
by reversing the sequence of coefficient generation. 
Thus it is possible with the present device to perform 
fading by the same method as the conventional method. 

Meanwhile, if such device is used, the ZA signal, 
supplied to the input terminal 201 , is converted at all 
times into, for example, a 16-bit multi-bit digital speech 
signal by the low-pass filter 202. That is, with the above 
device, the ZA signal is passed through the low-pass 
filter 202 and the ZA modulator 207 even if the signal 
has not been processed with fading. Thus the signal 
characteristics become the same as those with the con- 
ventional CD or DAT, such that it becomes impossible 
to exploit characteristics proper to ZA modulation, such 
as broad band and high dynamic range. 

The fading operation can be done by directly sup- 
plying the IA signal supplied to the input terminal 201 
to the ZA modulator 207, without passing the ZA signal 
through the low-pass filter 202. However, in this case, 
the signal is passed through the ZA modulator 207 if it 
is not processed with fading, such that it becomes sim- 
ilarly impossible to exploit characteristics proper to ZA 
modulation, such as broad band and high dynamic 
range. 

Thus it has been contemplated to take out the orig- 
inal ZA signal supplied to a fixed terminal A of a switch 
217 at an output terminal 218 and to take out the ZA 
signal modulated by a ZA modulator 216 and thence 
supplied to a fixed terminal B of the switch 217 at the 
output terminal 218 when the amplitude processing 
such as fading is not done and when the amplitude 



processing is done, respectively. 

However, the above two ZA signals, switched by the 
switch 217, are signals modulated on the time axis by 
different ZA modulators, even although the two signals 
5 have substantially the same analog audio signal com- 
ponents, so that, if the signals are switched directly, sig- 
nificant noise is generated at the switching point, thus 
rendering the device practically unusable. 

It is therefore an object of the present invention to 

10 provide a digital signal processing method and appara- 
tus whereby the noise can be suppressed at the time of 
switching between the original sigma-delta modulated 
signal and the sigma-delta re-modulated signal ob- 
tained on sigma-delta re-modulating the original sigma- 
delta modulated signal. 

In one aspect, the present invention provides a dig- 
ital signal processing apparatus for switching between 
a delayed sigma-delta modulated signal, obtained on 
delaying a sigma-delta modulated signal, as an input 

20 signal obtained by sigma-delta modulation, and a sig- 
ma-delta re-modulated signal obtained on sigma-delta 
re-modulation the input signal. The device includes in- 
put signal delaying means for delaying the sigma-delta 
modulated signal, as the input signal, by a pre-set 

25 number of samples, for outputting the delayed sigma- 
delta modulated signal, sigma-delta modulation 
processing means having a plurality of integrators for 
outputting the sigma-delta re-modulated signal, level 
adjustment means for matching the amplitude level of 

30 the sigma-delta modulated signal entering the sigma- 
delta modulation processing means to the amplitude 
level of a feedback signal to a first-stage integrator em- 
ployed in the sigma-delta modulation processing 
means, and switching control means for controlling the 

35 switching by the switching means. This arrangement re- 
alizes switching in a manner free from noise. 

The signal-delta modulation means sets the first 
stage feedback loop/second stage feedback loop gain 
ratio to an integer value. The input signal delaying 

40 means determines the pre-set number of samples 
based on the above gain ratio. 

The digital signal processing device also includes 
pattern coincidence detection means for detection of co- 
incidence of the delayed sigma-delta modulated signal 

45 and the sigma-delta re-modulated signal over a plurality 
of samples. The switching control means controls the 
switching means based on the result of detection ob- 
tained by the pattern coincidence detection means. This 
realizes switching with more reliable noise suppression. 

so Also, the digital signal processing device sets the 
initial value of the integrator of the signal<lelta modula- 
tion means to zero by the switching control means im- 
mediately before input of the input signal and/or during 
the time the delay signals from the first and second input 

55 signal delaying meas are selected by switching. This re- 
alizes switching with still more reliable noise suppres- 
sion. 

The digital signal processing device also includes 
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amplitude controlling means for controlling the ampli- 
tude level of a level adjusted signal having the amplitude 
level adjusted by he level adjustment means. The 
switching control means causes the amplitude control 
means to control the amplitude level of the level-adjust- 
ed signal after causing the switching means to switch 
from the delayed sigma-delta modulated signal from the 
input signal delaying means to the sigma-delta re-mod- 
ulated signal obtained on sigma-delta modulation of the 
level adjusted signal. 

The digital signal processing device also includes 
amplitude controlling means for controlling the ampli- 
tude level of the level adjusted signal having its ampli- 
tude level adjusted by the level adjustment means, level 
difference detection means for detecting the difference 
between the maximum amplitude level of the level-ad- 
justed signal and the amplitude level of the output fol- 
lowing amplitude control during the time the amplitude 
controlling means is controlling the amplitude level of 
the level-adjusted signal, cumulative addition means for 
cumulatively adding the level difference from the level 
difference detection means with a maximum amplitude 
level width length equal to twice the maximum amplitude 
level of the level-adjusted signal, and subtraction control 
means for gradually subtracting the cumulative sum of 
the cumulative addition means from the maximum am- 
plitude level ol the level adjusted signal after the ampli- 
tude control in the amplitude controlling means. The 
switching control means causes the switching means to 
switch from the sigma-delta modulated signal to the de- 
layed sigma-delta modulated signal after the end of sub- 
traction of the cumulative sum in the subtraction control 
means. 

The digital signal processing device of the present 
invention also includes error detection means for detect- 
ing an uncorrectable burst error in the sigma-delta mod- 
ulated signal, delaying means provided downstream of 
he error detection means for delaying the sigma-delta 
modulated signal fade-out means for fading out the sig- 
ma-delta modulated signal via the delay means, fade-in 
means for fading in the sigma-delta modulated signal 
via the delay means, and control means for causing the 
fade-out means to fade out the sigma-delta modulated 
signal delayed by the delaying means up to directly be- 
fore an uncorrectable burst error immediately to a zero 
level if the detection means detects such uncorrectable 
burst error in the sigma-delta modulated signal. The 
control means causes the fade-in means to fade in the 
sigma-delta modulated signal directly after the burst er- 
ror up to the maximum amplitude level. This arrange- 
ment realizes muting processing in which the signal lev- 
el on occurrence of burst error may be reduced to zero 
for noise suppression. 

The sigma-delta modulation processing means of 
the digital signal processing device includes plural stag- 
es of serially connected integrators and a local feedback 
loop for feeding back outputs of the plural stages of the 
integrators to inputs of preceding stage integrators. This 



renders it possible to reduce noise components to as- 
sure a broad dynamic range in an audible band. 

The digital signal processing device according to 
the present invention also includes digital signal 
5 processing device for causing switching means to 
switch between two-channel sigma-delta modulated 
signal, as an input signal obtained by two-channel sig- 
ma-delta modulation processing, and a sigma-delta re- 
modulated signal derived from the input signal. The dig- 

io jtal signal processing device includes sigma-delta mod- 
ulation processing means having a plurality of integra- 
tors foroutputting the sigma-delta re-modulated signal, 
first input signal delaying means for delaying sigma-del- 
ta modulated signal of one of the two channels by a pre- 

15 set number ol samples for outputting a first delayed sig- 
ma-delta modulated signal, first level adjustment means 
for matching the amplitude level of the sigma-delta mod- 
ulated signal to the amplitude level of the feedback sig- 
nal to a first -stage integrator employed in the sigma-del- 

20 ta modulation processing means, sigma-delta modula- 
tion processing means having a plurality of integrators 
for outputting the sigma-delta re-modulated signal, first 
input signal delaying means for delaying sigma-delta 
modulated signal of one of the two channels by a pre- 

25 set number of samples for outputting a first delayed sig- 
ma-delta modulated signal, first level adjustment means 
for matching the amplitude level of the sigma-delta mod- 
ulated signal to the amplitude level of the feedback sig- 
nal to a first -stage integrator employed in the sigma-del- 

30 ta modulation processing means, and second amplitude 
control means for controlling the amplitude level of the 
second level-adjusted signal having the amplitude level 
adjusted by the second level adjustment means, ampli- 
tude control output adjustment means for adjusting out- 

35 puts of the first amplitude control means and the second 
amplitude control means, and switching control means 
for controlling the first amplitude control means, second 
amplitude control means, sigma-delta modulation 
processing means, amplitude control output adjustment 

^o means and the switching means. After switching from 
the first sigma-delta modulated signal to the delta re- 
modulated signal, the switching control means causes 
the first amplitude control means, second amplitude 
control means and the amplitude control output adjust- 

4 $ ment means to control amplitude levels of the sigma- 
delta modulated signal and the other sigma-delta mod- 
ulated signal. This arrangement enables the sound 
cross-faded from the original audio signal of the first 
channel to the original audio signal of the second chan- 
ge nel to be produced under effective noise suppression. 

The sigma-delta modulation processing means 
sets the first stage feedback loop/second stage feed- 
back loop gain ratio to an integer. The input signal de- 
laying means determines the pre-set number of the 

55 samples based on the above gain ratio. 

The digital signal processing device also includes 
pattern coincidence detection means for detecting the 
coincidence of the first delayed sigma-delta modulated 
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signal and the sigma-delta re-modulated signal over a 
plurality of samples and for detecting the coincidence of 
the second delayed sigma-delta modulated signal and 
the sigma-delta re-modulated signal over a plurality of 
samples. The first delayed sigma-delta modulated sig- 
nal is switched to the sigma-delta re-modulated signal 
or vice versa based on a control signal obtained by the 
pattern coincidence detection means, while the second 
delayed sigma-delta modulated signal is switched to the 
sigma-delta re-modulated signal or vice versa based on 
the control signal obtained by the pattern coincidence 
detection means. 

The digital signal processing device causes the 
switching control means to set the initial value of the in- 
tegrator o1 the sigma-delta modulation processing 
means to zero directly belore input of the input signal 
and/or during the time the delayed signal from the first 
and second input signal delaying means is selected by 
switching by the switching means. 

The sigma-delta modulation processing means of 
the digital signal processing device includes plural stag- 
es of serially connected integrators and a local feedback 
loop for feeding back outputs of the plural stages ol the 
integrators to inputs of preceding stage integrators. 

The amplitude control output adjustment means of 
the digital signal processing device also includes sub- 
traction means for subtracting a pre-set value from an 
output signal obtained by the first and second amplitude 
control means. 

When providing limiter means in the integrator of 
the sigma-delta modulation processing means for limit- 
ing the integrated value, the limiting value of the limiter 
means is set to an integer number times the maximum 
amplitude level width. 

Muting pattern signal generating means is provided 
in one of the above-mentioned two channels. 

In the digital signal processing method according to 
the present invention, switching between a delayed sig- 
ma-delta modulated signal obtained on delaying a sig- 
ma-delta modulated signal as an input signal obtained 
on sigma-delta modulation processing and a sigma-del- 
ta re-modulated signal obtained on second sigma-delta 
conversion processing on the input signal is done by a 
switching step. This realizes switching in a manner free 
from noise generation. 

The digital signal processing method according to 
the present invention includes an amplitude controlling 
step of controlling the amplitude level of the level-ad- 
justed signal having its amplitude level adjusted by the 
level adjustment step. The switching control step caus- 
es the switching step to switch the sigma-delta modu- 
lated signal from the input signal delaying step to the 
sigma-delta re-modulated signal obtained on sigma-del- 
ta modulation of the level-adjusted signal. The switching 
control step then causes the amplitude control step to 
control the amplitude of the level-adjusted signal. This 
realized switching between the amplitude-controlled 
sigma-delta signal and the original 1 -bit signal free from 



deterioration in the sound quality in through-time. 

The digital signal processing method according to 
the present invention first causes the switching control 
step to switch from the first delayed input signal to the 

5 sigma-delta re-modulated signal and then controls the 
operation of the first and second amplitude control steps 
for effecting cross-fading amplitude-control of the sig- 
ma-delta modulated signal and the other sigma-delta 
modulated signal, thus realizing cross-fading with mini- 

10 mum sound quality deterioration and suppression of the 
switching noise. 

The invention will be further described by way of ex- 
ample, with reference to the accompanying drawings, 
in which:- 

15 Fig. 1 s a block diagram showing an arrangement of 
a digital XA modulator. 

Fig.2 is a schematic block diagram of a multi-bit sig- 
nal processing device. 

Fig.3 is a schematic block diagram showing a con- 
20 ventional digital signal processing device handling a dig- 
ital signal made up of a small number of bits. 

Fig. 4 is a schematic block diagram showing a digital 
signal processing device configured for switching be- 
tween an original signal made up of a small number of 
25 bits and a signal reconverted into the signal made up of 
the small number of bits. 

Fig.5 is a block diagram of a first embodiment of the 
digital signal precessing method and apparatus accord- 
ing to the present invention. 
30 Fig.6 is a circuit diagram showing an illustrative em- 
bodiment of an integrator in a 1A modulator employed 
in the first embodiment of Fig.5. 

Fig.7 is a circuit diagram of a EA modulator employ- 
ing the illustrative embodiment of the integrator shown 
35 in Fig.2. 

Fig. 8 is an enlarged circuit diagram for illustrating 
the operation of a bit length converter employed in the 
first embodiment of Fig.5. 

Fig.9 is a circuit diagram showing another illustra- 
40 tive embodiment of an integrator in the ZA modulator 
employed in the first embodiment of Fig.5. 

Fig. 10 is a circuit diagram of a ZA modulator em- 
ploying another illustrative embodiment of the integrator 
shown in Fig.2. 

45 Figs. 11 A, 11B are waveform diagrams for illustrat- 
ing the effect of the first embodiment of Fig.5. 

Fig. 12 is a block diagram of a second embodiment 
of the digital signal precessing method and apparatus 
according to the present invention. 
50 Fig. 1 3 is a timing chart for illustrating the operation 
of the second embodiment of Fig. 12. 

Fig. 14 is a block diagram of a third embodiment of 
the digital signal precessing method and apparatus ac- 
cording to the present invention. 
55 Fig. 1 5 is a timing chart for illustrating the operation 

of the third embodiment of Fig. 14. 

Fig. 1 6 is a block diagram of a fourth embodiment of 
the digital signal precessing method and apparatus ac- 



5 
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cording to the present invention. 

Fig. 17 is a timing chart for illustrating the operation 
of the fourth embodiment of Fig. 16. 

Fig. 18 is a block diagram of a fifth embodiment of 
the digital signal precessing method and apparatus ac- 
cording to the present invention. 

Fig. 19 is a waveform diagram of an output signal 
waveform for illustrating the operation of a level differ- 
ence detector and a subtraction value processing con- 
troller employed in the fifth embodiment of Fig. 18. 

Fig. 20 is a timing chart for illustrating the operation 
of the fifth embodiment of Fig. 18. 

Fig. 21 is a circuit diagram showing a HA modulator 
having a first integrator fitted with a limiter. 

Fig. 22 is a block diagram shoving the inner struc- 
ture of the first integrator fitted with the limiter shown in 
Fig.2i. 

Fig. 23 is a block diagram of a sixth embodiment of 
the digital signal precessing method and apparatus ac- 
cording to the present invention. 

Fig. 24 is a timing chart for illustrating the operation 
of the sixth embodiment of Fig.23. 

Fig. 25 is a block diagram of a seventh embodiment 
of the digital signal precessing method and apparatus 
according to the present invention. 

Fig. 26 is a circuit diagram of a ZA modulator having 
a local feedback loop. 

Fig. 27 s a block diagram showing details of essen- 
tial parts of the seventh embodiment shown in Fig. 25. 

Fig. 28 is a timing chart for illustrating the operation 
of the seventh embodiment of Fig.23. 

Fig.29 is a block diagram of an eighth embodiment 
of the digital signal precessing method and apparatus 
according to the present invention. 

Fig. 30 is a circuit diagram showing a detailed struc- 
ture of an amplitude controller of a first channel em- 
ployed in the eighth embodiment. 

Fig. 31 is a circuit diagram showing a detailed struc- 
ture of an amplitude controller of a second channel em- 
ployed in the eighth embodiment. 

Fig. 32 is a timing chart for switching control of a 
changeover switch in case a cross-fading signal is sup- 
plied to the eighth embodiment. 

Fig. 33 is a block diagram of a ninth embodiment of 
the digital signal precessing method and apparatus ac- 
cording to the present invention. 

Fig.34 is a block diagram of a tenth embodiment of 
the digital signal precessing method and apparatus ac- 
cording to the present invention. 

Fig. 35 is a timing chart for illustrating the operation 
of the tenth embodiment. 

Fig. 36 is a block diagram of an eleventh embodi- 
ment of the digital signal precessing method and appa- 
ratus according to the present invention. 

Fig. 37 is a timing chart for illustrating the operation 
of the eleventh embodiment. 

Fig. 38 is a block diagram of a twelfth embodiment 
of the digital signal precessing method and apparatus 



10 

according to the present invention. 

Fig. 39 is a block diagram of a thirteenth embodi- 
ment of the digital signal precessing method and appa- 
ratus according to the present invention. 
$ Fig. 40 illustrates signal examples of an integrated 

value Sec n an amplitude control output adjustment unit 
and an output S(5 of an adder employed in the thirteenth 
embodiment for binary number calculation. 

Ftg.41 is a timing chart for illustrating the operation 
10 of a fourteenth embodiment f the digital signal process- 
ing method and apparatus according to the present in- 
vention. 

Fig.42 is a timing chart for illustrating the operation 
of a digital signal processing method and apparatus as 
1 5 a modification of the fourteenth embodiment according 
to the present invention. 

Fig.43 is a timing chart for illustrating the operation 
of the sixteenth embodiment f the digital signal process- 
ing method and apparatus according to the present in- 
vention. 

Fig. 44 is a timing chart for illustrating the operation 
of the sixteenth embodiment of Fig.23. 

Fig. 45 is a timing chart for illustrating the operation 
of a digital signal processing method and apparatus ac- 
cording to the seventeenth embodiment according to 
the present invention. 

Fig. 46 is a block diagram showing another illustra- 
tive embodiment of the structure in the vicinity of a sub- 
traction value calculating controller in an amplitude con- 
trol output adjustment unit employed in the seventeenth 
embodiment. 

Fig. 47 is a block diagram showing still another illus- 
trative embodiment of the structure in the vicinity of a 
subtraction value calculating controller in an amplitude 
control output adjustment unit employed in the seven- 
teenth embodiment. 

Fig.48 is a block diagram showing yet another illus- 
trative embodiment of the structure in the vicinity of a 
subtraction value calculating controller in an amplitude 
control output adjustment unit employed in the seven- 
teenth embodiment. 

Fig. 49 is a timing chart for illustrating an example 
of the operation of the seventeenth embodiment of Fig. 
23. 

Fig. 50 is a timing chart for illustrating another ex- 
ample of the operation of the seventeenth embodiment 
of Fig.23. 

Fig.51 is a block diagram showing a modification in 
which the ZA modulator having the local feedback loop 
employed in the seventeenth embodiment is a ZA mod- 
ulator having the local feedback loop employing a vari- 
able gain multiplier. 

Fig. 52 is a timing chart for illustrating the operation 
of the modification shown in Fig.47. 

Referring to the drawings, certain preferred embod- 
iments of the digital signal processing method and ap- 
paratus of the present invention will be explained in de- 
tail. 
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Referring to Figs. 5 to 11, a first embodiment of the 
present invention is explained. The present first embod- 
iment is directed to a digital signal processing device 1 
configured for switching between a SA modulated signal 
S A , as an input signal obtained on sigma-delta ( SA) 
modulation, and a LA re-modulated signal S B , obtained 
on SA re-modulation on the input signal, by a changeo- 
ver switch 4, as shown in Fig. 5. 

The digital signal processing device 1 includes a de- 
lay line 3 for delaying the original SA modulated signal 
from the input terminal 2 a pre-set number of samples, 
and a SA modulator 6 having five integrators and con- 
figured for outputting the above SA re-modulated signal 
with the gain ratio between the gain of the initial stage 
feedback loop and the gain of the next stage feedback 
loop set to 16. The digital signal processing device 1 
also includes a bit length converter 5 for matching the 
amplitude level of the original SA modulated signal en- 
tering the SA modulator 6 to that of the feedback signal 
to the initial stage integrator employed in the SA modu- 
lator 6. The switching operation of the changeover 
switch 4 is controlled depending on a changeover con- 
trol signal SE supplied from a control signal input termi- 
nal 7 for outputting the original SA modulated signal de- 
layed a pre-set number of samples by the delay line 3 
(original 1-bit delay signal) S A or the SA re-modulated 
signal (SA re-modulated 1 -bit signal) S B . 

The SA modulator 6 is configured as a ftve-order 
(five-stage) SA modulator made up of five integrators. 
For example, a first integrator 11 is configured for shift- 
ing an addition output of an adder 61 by a shifter 62 for 
returning the shifted output to the adder 61 , as shown 
in Fig. 6. The remaining integrators are configured in a 
similar manner. 

The 16-bit signal, having its amplitude level maxi- 
mized to the maximum amplitude level by adjustment in 
the bit length converter 5, is integrated by the first inte- 
grator 1 1 via an adder 1 1 , as shown in Fig. 7, and is mul- 
tiplied in a first coefficient multiplier 12 by a coefficient 
1/16, so as to be then supplied to the second stage. An 
input signal to the second stage is integrated via an 
adder 13 by a second integrator 14 and multiplied by a 
second coefficient multiplier 15 with a coefficient 1/8 so 
as to be supplied to the third stage. An input signal to 
the third stage is integrated via an adder 16 of the third 
stage by a third integrator 17 and multiplied by a third 
coefficient multiplier 1 8 with a coefficient 1 /4 so as to be 
supplied to the fourth stage. An input signal to the fourth 
stage is integrated via an adder 1 9 by a fourth integrator 

20 and multiplied by %o by a fourth coefficient multiplier 

21 so as to be supplied to a fifth stage. An input to the 
fifth stage is integrated via an adder 22 by a fifth inte- 
grator 23 and quantized by a 1-bit quantizer 24 into a 
1-bit signal which is supplied to the changeover switch 
4. The 1-bit signal is also converted into a 16-bit signal 
by a bit length converter 25 so as to be fed back to the 
adders 10, 13, 16, 19 and 22. 

In the SA modulator 6, the gain ratio to the initial 



stage feedback loop exclusive of the integrator ahead 
and at back of the 1-bit quantizer 24 of the next-stage 
feedback loop is set to an integer value of 16, as will 
now be explained in detail. 
$ The initial-stage feedback loop gain is 

k*(11/16)*(1/4)*(1/2) = (k/1024) 

io where k is the gain of the bit length converter 25. 
The second-stage feedback loop gain is 

k* (1/8)* (1/4)* (1/2) = (k/64). 

15 

By dividing the second-stage feedback loop gain by 
the first-stage feedback loop gain, the gain ratio is given 
as 

((k/64)/(k/1024)) = 16.. 

Based on this gain ratio, the delay line 3 sets the 
number of delayed samples to 16. 

Referring to Fig. 8, the bit length converter 5 con- 
verts the original 1-bit signal into 16-bit multiple-bit data 
so that the amplitude level will be of the same level as 
the amplitude level of the 16-bit feedback signal fed 
back from the 1-bit quantizer 24 via the bit length con- 
verter 25 to the first integrator 11 as the first-stage inte- 
grator. 

The changeover switch 4 receives the SA modulat- 
ed 1-bit signal S B , obtained on SA modulation by the SA 
modulator 6, at a fixed terminal b, while receiving the 
original 1-bit signal S A , delayed by 16 samples by the 
delay line 3, at a fixed terminal a. The changeover switch 
4 brings a movable contact c into contact with the fixed 
terminals a or b depending on the changeover control 
signal SE supplied from the control signal input terminal 
7 for supplying the original 1 -bit signal or the SA modu- 
lated 1-bit signal S B . 

Meanwhile, with the digital signal processing device 
1 of the present embodiment, the five integrators used 
in the SA modulator 6 may be configured as shown in 
Fig. 9. For example, the first integrator 1 1 delays the ad- 
dition output of an adder 63 oy a shifter 64 as the addi- 
tion output is fed back to the adder 63. The remaining 
integrators are configured in the similar manner. 

In this case, the SA modulator 6 has its feedback 
loop structure modified from that shown in Fig. 7, as 
shown in Fig. 10. That is, a shifter 26 is provided ahead 
of the bit length converter 25. 

The 1 -bit quantizer 24 quantizes the integration out- 
put of the fifth integrator 23 into 1 -bit data. The 1 -bit sig- 
nal of the 1-bit quantizer 24 is supplied via shifter 26 to 
the bit length converter 25, while being supplied to the 
fixed terminal b of the changeover switch 4. The bit 
length converter 25 re-converts the delayed 1 -bit signal 
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into a 1 6-bit signal which is supplied to the adders 10, 
13, 16, 19 and 22. 

In the case of the ZA modulator 6 having the inte- 
grator configured as shown in Fig. 9, the number of de- 
lays in terms of the input/output difference becomes 
smaller by one sample, so that the number of delay sam- 
ples of the delay line 3 is equal to (gain ratio - 1 ) : based 
on the integer gain ratio of the second stage feedback 
loop gain to the first stage feedback loop gain, ahead 
and at back of the 1-bit quantizer 24, excluding the in- 
tegrator. Thus the number of delay samples of the delay 
line 3 is 16 - 1 = 15. 

At any rate, with the present first embodiment of the 
digital signal processing device 1 of the present first em- 
bodiment, the gain ratio of the second stage feedback 
loop gain to the first stage feedback loop gain in the ZA 
modulator 6 is set to an integer, while the number of de- 
lay samples of the delay line 3, is determined on the ba- 
sis of the gain ratio. 

With the present digital signal processing device 1, 
the noise generated at a switching point as shown in 
Fig.llA in case an output of the conventional digital sig- 
nal processing device, such as the device configured as 
shown in Fig. 1 , is converted into an analog audio signal, 
may bo suppressed, as shown in Fig.11B. 

A second embodiment is now explained by referring 
to Figs. 12 and 1 3. The second embodiment is directed 
to a digital signal processing device 27 configured for 
switching between the ZA modulated signal S A , as an 
input signal obtained on ZA modulation, and a re-mod- 
ulated signal S B , obtained on ZA re-modulation of the 
input signal. The digital signal processing device 27, 
however, is designed for detecting coincidence between 
the ZA modulated signal S A and the ZA re-modulated 
signal S B over plural samples and switches between the 
ZA modulated signal S A and ZA re-modulated signal SB 
responsive to the pattern coincidence detection signal. 

The digital signal processing device 27 corre- 
sponds to the digital signal processing device 1 of the 
first embodiment shown in Fig. 5 to which are added a 
pattern coincidence detector 28 and a switching control- 
ler 29. The present second embodiment is otherwise the 
same as the first embodiment so that the corresponding 
parts are depicted by the same numerals and the cor- 
responding description is not made. The ZA modulator 
6 may be configured as shown in Fig. 7 as a five-order 
ZA re-modulator employing five integrators shown in 
Fig. 6, or may also be configured as shown in Fig. 10 as 
a five-order ZA re-modulator employing five integrators 
shown in Fig. 7. 

The pattern coincidence detector 28 monitors the 
original 1 -bit delayed signal S A from the delay line 3 and 
the ZA re-modulated signal S B from the ZA modulator 6 
and, on detection of pattern coincidence continuing 
over, for example, four samples, generates a pattern co- 
incidence detection signal S T which is sent to the switch- 
ing controller 29. 

The switching controller 29 controls the switching 



of the changeover switch 4 in order to output the original 
1 -bit delayed signal S A or the ZA re-modulated 1 -bit sig- 
nal S B at the changeover switch 4. 

Fig. 1 3 illustrates, in a timing chart, the operation of 
5 the digital signal processing device 27. 

Directly after inversion from the side S A to the side 
S B of a changeover control signal S D supplied from the 
control signal input terminal 7, the switching controller 
29 generates a switch changeover signal SE from the 
to fixed terminal a to the fixed terminal b, at the next sam- 
pling timing to of reception of the pattern coincidence 
detection signal S T supplied from the pattern coinci- 
dence detector 28, and sets the movable contact piece 
c of the changeover switch 4 from its fixed terminal a to 
1 $ its fixed terminal b. 

The digital signal processing device 27 then sums 
a signal S M of the four sample pattern coincident portion 
to the original 1 -bit delay signal S A for a period La and 
further sums the ZA re-modulated 1-bit signal S B to the 
resulting signal to produce a 1 -bit signal output S F which 
is outputted at the output terminal 8. 

Thus, the present digital signal processing device 

27 first controls the changeover timing by pattern coin- 
cidence detection by the pattern coincidence detector 

28 and subsequently switches between the original 1 -bit 
delay signal S A and the ZA re-modulated 1 -bit signal S B , 
so that switching can be done under more reliable noise 
suppression. 

Referring to Figs. 1 4 and 1 5, a third embodiment will 
be explained in detail. The present third embodiment is 
directed to a digital signal processing device 30 which, 
when switching between the original 1 -bit delayed signal 
S A and the ZA re-modulated 1 -bit signal S B , detects co- 
incidence between these signals S A and S B over plural 
samples and switches between the signals S A and SB 
responsive to the pattern coincidence detection signal. 
However, the initial value of the integrator in the ZA mod- 
ulator is cleared to zero directly before inputting of the 
ZA modulated signal to the input terminal 2 and/or du ring 
the time of selection by the changeover switch 4 of the 
original 1 -bit delay signal S A f rom the 1 6-tap delay line 3. 

A ZA modulator 31 corresponds to the ZA modulator 
6 of the digital signal processing device 27 of the second 
embodiment of Fig. 12 to which has been added an in- 
tegrator 0-clear controller designed for clearing the ini- 
tial value of the integrator to 0 by a ZA modulator inte- 
grator clear signal S G supplied from a switching control- 
ler 32. The present digital signal processing device is 
otherwise the same as the second embodiment so that 
equivalent parts are denoted by the same numerals and 
the corresponding description is not made. The ZA mod- 
ulator 31 may be configured as a five-order ZA modula- 
tor employing five integrators shown in Fig. 6, as shown 
in Fig. 7, or may also be configured as a five-order ZA 
modulator employing five integrators shown in Fig. 9, as 
shown in Fig. 10. 

Fig. 1 5 shows, by a timing chart, the operation of the 
present digital signal processing device 30. The pattern 
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coincidence detector 28 monitors the original 1 -bit delay 
signal S A from the delay line 3 and the LA re-modulated 
1 -bit signal S B from the LA modulator 6, every sampling 
period, and generates a pattern coincidence detection 
signal S T if 1 -bit data coincide for four samples on end. 
Here, four patterns coincide at three pattern coincident 
portions SM1 , SM2 and SM3. 

Directly after inversion to the side S A or to the side 
S B of the switching control signal S D entering the control 
signal input terminal 7, the switching controller 32 in- 
verts tne switch changeover signal SE to the fixed ter- 
minal a or to the fixed terminal b at the sampling timings 
tl, t2 and t3 next to the reception of the pattern coinci- 
dence detection signal S T supplied from the pattern co- 
incidence detector 28. Also, during the time the delayed 
original 1-bit signal S A is selected by the changeover 
switch 4, the switching controller 32 sends the LA re- 
modulator integrator clear signal S G to the LA modulator 
31. Thus the integrated value accumulated in the inte- 
grator in the LA modulator 31 is cleared to zero before 
an output of the bit length converter 5 is supplied to the 
LA modulator 31 . 

The digital signal processing device 30 then con- 
nects the original 1 -bit delay signal S A over a period L a1 
to the LA modulated 1-bit signal S B over a period L b1 
with tie interposition of the pattern coincident portion 
S M1 and further connected to the resulting signal the 
original 1 -bit delay signal S A over a period with the 
interposition of the four-pattern coincident portion S M2 
to produce a 1 -bit signal output S F which is outputted at 
the output terminal 8. 

With the present digital signal processing device 30, 
switching under more reliable noise suppression may 
be realized since the original LA modulated signal is 
supplied to the integrator in the LA modulator 31 from 
the state of the zero integrated value. 

Referring to Figs. 16 and 17, a fourth embodiment 
is now explained. The present fourth embodiment is di- 
rected to a digital signal processing device 34 switching 
between the delayed original 1-bit signal S A and the LA 
re-modulated 1-bit signal S B obtained on clearing the 
integrated value in the integrator in the LA modulator 31 
as described above to zero, after detection of coinci- 
dence of several patterns on end by pattern coincidence 
detection, as shown in Fig. 16. However, the digital sig- 
nal processing device 34 converts the LA re-modulated 
1-bit signal S B into a signal processed with fade-out 
which is a sort of amplitude control processing. 

The amplitude control processing is such signal 
processing in which signal processing is done in the am- 
plitude direction, such as fade-out in which the repro- 
duced audio signal level is gradually lowered with time, 
fade-in in which the audio signal level is gradually raised 
from the zero level, or cross-fade. 

A digital signal processing device 34, as a fourth 
embodiment, is provided with an amplitude controller 35 
between the LA modulator 31 and the bit length convert- 
er 5 of the digital signal processing device 30 of the third 



embodiment. The amplitude controller 35 is controlled 
by a switching controller 38. 

The amplitude controller 35 performs amplitude 
control processing, such as fade-out described-above, 

s on a bit-length-converted signal S { . as a level-adjusted 
signal outputted by the bit length converter 5. Before 
starting the amplitude control by the amplitude controller 
35, the switching controller 38 causes the changeover 
switch 4 to perform switching from the original 1 -bit de- 

10 lay signal S A to the LA re-modulated 1 -bit signal S B ob- 
tained on LA re-modulation of the bit-length-converted 
signal S, by the LA modulator 31. The amplitude level 
of the bit-length-converted signal S, at this time is of the 
maximum amplitude level. 

15 Fig. 1 7 illiterates, by a timing chart, the operation of 
the present digital signal processing device 34. When a 
fade-out precessing signal S H is suppled from a control 
signal input terminal 39 to a switching controller 38, the 
switching controller 38 sends a switching control signal 

20 s E to the changeover switch 4 after waiting for supply 
of the four-pattern coincidence detection signal S T from 
the pattern coincidence detector 28. In this case, the 
movable contact c of the changeover switch 4 is 
changed over from the fixed terminal a to the fixed ter- 

25 minal b. The changeover switch 4 then switches, at a 
changeover timing to, from the original 1 -bit delay signal 
S A to the LA re-modulated 1-bit signal S B obtained on 
directly LA modulating the bit length conversion signal 
S|. 

30 During the time the original 1 -bit delay signal S A is 

selected by the changeover signal 4, the switching con- 
troller 38 sends the LA re-modulator integrator clear sig- 
nal S G to the LA modulator 31 . 

After the switch 4 is changed over to the signal S B , 

35 the switching controller 38 causes transition of a coeffi- 
cient output SJ of a coefficient generator 36 of the am- 
plitude controller 35 from 1 to 0. 

The amplitude controller 35 also includes a multipli- 
er 37 and multiplies the bit-length -converted signal S| 

40 with the coefficient output SJ which undergoes transition 
from 1 to 0 on execution of the fade-out processing. The 
amplitude controller 35 then causes an amplitude con- 
troller output S K to undergo transition from the maximum 
amplitude level to the zero level. 

45 The LA modulator 31 may be configured as a five- 
order LA modulator employing five integrators shown in 
Fig. 6, as shown in Fig. 7, or may also be configured as 
a five-order LA modulator employing five integrators 
shown in Fig.9, as shown in Fig. 10. 

so The LA modulator 31 LA re-modulates the ampli- 
tude controller output S K and outputs the LA re-modu- 
lated 1 -bit signal S B . Thus, if the 1 -bit signal obtained at 
the output terminal 8 is restored to the analog audio sig- 
nal by a low-pass filter, a fade-out processed signal can 

55 be heard, in which the noise otherwise produced on 
switching from the analog audio signal to a zero-ampli- 
tude level is suppressed 

Referring to Figs. 18 to 20, a fifth embodiment is ex- 
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plained. The present fifth embodiment s directed to a 
digital signal processing device 41 switching between 
the delayed original 1 -bit signal obtained on XA modu- 
lation and the £A re-modulated 1-bit signal S B obtained 
on clearing the integrated value in the integrator in the 5 
XA modulator to zero after detection of coincidence of 
several patterns on end by pattern coincidence detec- 
tion. However, the digital signal processing device 41 
sets the XA re-modulated 1-bit signal S B into a signal 
processed with fade-out/in processing and connects the 10 
signal SB to the original 1 -bit delay signal S A . 

The fade-out/in precessing means such processing 
in which fade-in precessing is performed in succession 
to the fade-out processing. The present digital signal 
processing device 41 thus performs amplitude control *s 
processing in which the original 1 -bit delay signal S A is, 
as it were, processed with fade-in and subsequently re- 
stored to the original level. 

To this end, the digital signal processing device 41 
includes, in addition to the delay line 3, pattern coinci- 20 
dence detector 28, bit length converter 5, amplitude con- 
troller 35 and the XA modulator 31, a level difference 
detector 42, a cumulative adder 46, a subtraction value 
control gate 47 and a switching controller 48, as shown 
in Fig. 18. The level difference detector 42 detects the 25 
difference between the maximum amplitude level of the 
bit length conversion output S| entering the XA modula- 
tor 31 during the time the amplitude controller 35 is con- 
trolling the amplitude level of the bit-length-converted 
output S, of the bit length converter 5 and the amplitude 30 
level of the amplitude-controlled output. The cumulative 
adder 46 cumulatively sums the level difference from the 
level difference detector 42 with the maximum ampli- 
tude level width length which is twice as large as the 
above-described maximum amplitude level. The sub- 35 
traction value control gate 47 gradually subtracts the cu- 
mulative sum value of the cumulative adder 46 from the 
maximum amplitude level of the amplitude controller 
output S K entering the XA modulator 31 after amplitude 
control by the amplitude controller 35 using an adder/ *o 
subtractor 44. The switching controller 48 controls the 
operation of the amplitude controller 35 as will be ex- 
plained subsequently. In addition, after end of the sub- 
traction control of the cumulative sum value from the 
maximum amplitude level by the subtraction value con- 45 
trol gate 47, the switching controller causes the change- 
over switch 4 to switch the output of the LA modulator 
31 to the original 1-bit delay signal S A after pattern co- 
incidence detection by the pattern coincidence detector 
28 and to output the signal S A . The cumulative adder 46 so 
and the subtraction value control gate 47 make up the 
subtraction value processing controller 45. 

The amplitude controller 35 has a configuration 
shown in Fig. 16, that is, includes the coefficient gener- 
ator 36 and the multiplier 37. The coefficient generator 55 
36 generates a coefficient output SJ undergoing transi- 
tion from 1 t 0 and then from 0 to 1 , in a manner of ex- 
ecuting the fade-out/in processing, under control by the 



switching controller 48. The multiplier 37 multiplies the 
bit length conversion signal SL with the above coeffi- 
cient output SJ. 

The level difference detector 42 is configured as 
shown in Fig. 16, that is, the detector 42 detects the dif- 
ference between the maximum amplitude level of the 
bit-length-converted output S, entering the XA modula- 
tor 31 during the time the amplitude controller 35 is con- 
trolling the amplitude level of the bit length conversion 
output S| of the bit length converter 5 and the output S K 
of the amplitude controller 35 and sends the level differ- 
ence detection output SL to the cumulative adder 46 in 
the subtraction value processing controller 45. 

Referring to Figs. 19 and 20, the operation of the 
present digital signal processing device 41 is explained. 
Fig. 1 9 is an output signal waveform diagram for illustrat- 
ing the operation of the level difference detector 42 and 
the subtraction value processing controller 45. Fig. 20 is 
a timing chart for illustrating the fade-out/in processing 
performed by the digital signal processing device 41 . 

When the fade-out/in processing signal S H is sup- 
plied from a control signal input terminal 49 tothe switch- 
ing controller 48, the switching controller 48 first awaits 
the oncoming of the4-pattern coincidence detection sig- 
nal S T for the pattern coincidence detection circuit 28, 
and subsequently routes a switch changeover signal S E 
to the changeover switch 4. The switching controller 48 
then causes the movable contact c of the changeover 
switch 4 to be changed over from the fixed terminal a to 
the fixed terminal b. Then, at a switching timing tO, the 
changeover switch 4 switches the bit length conversion 
signal S ( from the original 1 -bit delayed signal S A to the 
XA re-modulated 1 -bit signal S B . 

Meanwhile, during the time the original 1-bit delay 
signal S A is being selected by the changeover switch 4, 
the changeover switch 4 is supplying the XA re-modu- 
lator integrator clear signal S G to the XA modulator 31 . 

After the switch 4 is changed over to S B , the switch- 
ing controller 48 causes transition of the coefficient out- 
put SJ of the coefficient generator 36 of the amplitude 
controller 35 from 1 to 0 and then again to 1 . This causes 
transition of the level of the input signal to the XA mod- 
ulator 31 , that is the level of the subtractor output S 0 , to 
the 0 level, and then again to the maximum amplitude 
level. 

During this time, the level difference detector 42 de- 
tects the level difference of the amplitude level of the 
amplitude controller output S K relative tothe maximum 
amplitude of the bit length converter output S|, and out- 
puts a level difference detector output S L to the cumu- 
lative adder 46 of the subtraction value processing con- 
troller 45, as shown in Fig. 19 A. 

The cumulative adder 46 cumulatively sums the lev- 
el difference detector output S L during the amplitude 
control period. In particular, the cumulative adder 46 is 
made up of a signed accumulator for the maximum am- 
plitude level width length which is twice as large as the 
above-described maximum amplitude level. In case of 



10 

EP 07S3207A2_I_> 



19 

overflow of the cumulative addition, the cumulative 
adder 46 undergoes cycling and outputs a cumulative 
ader output S M . 

When the amplitude control output S K of the ampli- 
tude controller 35, that is the input signal to the XA mod- 
ulator 31 , again reaches the maximum amplitude level, 
data D so far accumulated in the cumulative adder 46 
is gradually discharged via the subtraction value control 
gate 47. The discharged data corresponds to a subtrac- 
tion value control gate S N and is subtracted from the 
maximum amplitude level input signal to the XA modu- 
lator 31 by the adder/subtractor 44 so that a subtractor 
output S 0 is fed to the XA modulator 31. 

When the cumulative sum value S M reaches zero 
through the process of subtraction, the switching con- 
troller 48 awaits the oncoming of the pattern coincidence 
signal S T from the pattern coincidence detector 28, after 
delay on the delay line 3, and then causes the change- 
over switch 4 to perform switching from the XA modula- 
tor output signal S B to the original 1 -bit delay signal S A . 

Thus, if the 1-bit signal outputted at the output ter- 
minal 8 is restored via the low-pass filter to the analog 
audio signal, fade-out/in precessing from the original au- 
dio signal through the zero amplitude level to the original 
audio signal may be realized under noise suppression. 

With the present digital signal processing device 41 . 
the XA modulator 31 may be configured as a five-order 
XA modulator employing five integrators shown in Fig. 
6, as shown in Fig. 7, or may also be configured as a 
five-order XA modulator employing five integrators 
shown in Fig. 9, as shown in Fig. 10. 

Also, for preventing oscillation of the XA modulator 
31, the first integrator 11 shown in Fig. 2 may be config- 
ured as a first integrator 51 fitted with a limiter, as shown 
in Fig. 21. This first integrator 51 fitted with the limiter 
limits the integrated value of the first integrator to a value 
equal to an integer number times the maximum ampli- 
tude level value. 

If the limiter function is operating under such a state 
in which the integrated value of the first integrator ex- 
ceeds the limiter value, the switching controller 48 clears 
the cumulative addition value of the cumulative adder 
46 to zero. 

The first integrator 51 fitted with the limiter is made 
up of an adder 52, a shifter 53 and a limiter 54, and feeds 
back an output limited by the limiter 54 to the adder 52. 

Referring to Figs.23 and 24, a sixth embodiment is 
explained. This sixth embodiment is directed to a digital 
signal processing device 55 which, if an input original 
1-bit signal S P contains an uncorrectable burst error, 
fades-out the 1-bit signal directly before the burst error 
using a fade-in device 60, andfades-in the signal direct- 
ly after the burst error, thus muting the 1 -bit signal during 
the period of occurrence of the burst error. 

This digital signal processing device 55 includes an 
error detector 57 for detecting the uncorrectable burst 
error contained in the original 1-bit signal S P supplied 
from an input terminal 56, a delay line 58 arranged 
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downstream of the error detector 57 for delaying the 
original 1 -bit signal S P and a fade-out/fade- in device 60 
for fading-out and fading-in the delayed 1-bit signal S 5 
from the delay line 58. The digital signal processing de- 
s vice 55 also includes a muting controller 59 which, on 
detection by the error detector 57 of the uncorrectable 
burst error in the original 1-bit signal S P , immediately 
fades-out the delayed 1-bit signal lying directly before 
the uncorrectable burst error in the delayed 1-bit signal 
10 S s from the delay line 58, using the fade/out/in device 
60, and fades-in the delayed 1 -bit signal immediately af- 
ter the burst error to the maximum amplitude level using 
the fade-out/in device 60. 

As the above fade-out/in device 60, the digital signal 
75 processing device 41 as shown in Fig. 18 may be used. 
For executing the fade-out processing, the amplitude 
controller 35 is actuated, in effect., after the switching 
controller 48 switches the delayed XA modulated signal 
from the delay line 3 to the XA re-modulated signal from 
the XA modulator 31 , the amplitude controller 35 con- 
trols the amplitude level of the level adjustment signal 
in order to execute the fade-out processing. 

For executing the fade-in processing, the amplitude 
controller 35, level difference detector 42, cumulative 
adder 46 and the subtraction value control gate 47 are 
actuated. In effect, after the switching controller 48 
switches the XA re-modulated signal to the delayed XA 
modulated signal after the end of subtraction of the cu- 
mulative sum in the subtraction value control gate 47 
with the aid of the changeover switch 4, the amplitude 
controller 35, level difference detector 42, cumulative 
adder 46 and the subtraction value control gate 47 ex- 
ecute the fade-in processing. 

The operation of the digital signal processing device 
55 is explained by referring to the timing chart of Fig. 24. 

If, in a system for transmitting or recording the orig- 
inal 1-bit signal S P , an uncorrectable burst error is pro- 
duced, the error detector 57 generates an error period 
detection signal S Q specifying the error period. On re- 
ception of error period detection signal S Ql the muting 
processor 59 sends a fade-out/in processing signal S H 
to the switching controller 48 in the fade-out/in device 
60 shown in Fig. 18. In this fade-out/in processing signal 
SH, the transition has been made from the fade-out/in 
processing to the fade-out processing. After awaiting 
the pattern coincidence signal Sj fed from the pattern 
coincidence detector 28, the switching controller 48 
causes the changeover switch 4 to switch from the 1 -bit 
signal S A to the IA modulated output S B of the XA mod- 
ulator 31 . The 1 -bit signal S A corresponds to the original 
1 -bit signal S P delayed by the delay line 58 and then re- 
delayed by the delay line 3. 

In response thereto, the coefficient generator 36 in 
the amplitude controller 35 in the fade-out/in device 60 
immediately causes transition of the coefficient from 1 
to 0, and completes the transition before error data dur- 
ing the error period reaches the XA modulator 31 
through the delay line 58. When the error period comes 
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to a close and the error period detection signal S Q is 
canceled, the muting controller 59 causes transition of 
the fade-out/in signal to the fade-in processing side after 
delay by the delay line 58. In response thereto, the co- 
efficient generator 36 in the amplitude controller 35 im- s 
mediately causes transition from 0 to 1. 

The subtraction value processing controller 45 cu- 
mulatively sums the level difference detector output sig- 
nal S L from the level difference detector 42 to be cumu- 
latively summed by the cumulative adder 46, as ex- 10 
plained with reference to Fig. 19. When the input signal 
to the XA modulator 31 again reaches the above-men- 
tioned maximum amplitude level, data D so far accumu- 
lated in the cumulative adder 46 is gradually discharged 
via the subtraction value control gate 47. This data D, is 
as the subtraction value control gate output SN, is sub- 
tracted by the subtracter 44 from the maximum ampli- 
tude level input signal to the XA modulator 31 to supply 
the subtractor output S 0 to the LA modulator 31 . 

When the cumulative sum value S M reaches zero 20 
through the subtraction period, the switching controller 
48 first awaits, after delay by the delay line 31 , the on- 
coming of the pattern coincidence detection signal S T 
from the pattern coincidence detector 28, and subse- 
quently causes the changeover switch 4 to switch from 2s 
the LA modulator output signal S B to the 1 -bit signal S A . 
The 1 -bit signal SA corresponds to the original 1 -bit sig- 
nal S s delayed from the XA modulated signal S B and 
further delayed by the delay line 3. 

If, when an uncorrectable burst error is produced, 30 
the 1-bit output signal of the fade-out/in device 60 is re- 
turned vis the low-pass filter to an analog audio signal, 
muting processing, in which the signal level is reduced 
to a zero level under noise suppression, is realized. 

Referring to Figs.25 to 28, a seventh embodiment 35 
is explained. This seventh embodiment is directed to a 
digital signal processing device 65 switching between 
the original 1 -bit delay signal S A and the 1 -bit signal S B , 
obtained on LA re-modulating the amplitude-controlled 
signal by a as XA modulator having a local feedback loop 40 
67 (LA modulator having a local feedback lop) : as shown 
in Fig.25. 

With the present digital signal processing device 65, 
the LA modulator having a local feedback loop 67 shown 
in Fig. .25 is used in place of the LA modulator 31 of the 45 
digital signal processing device 41 of the fifth embodi- 
ment. 

The local feedback loop is a well-known technique. 
Fig. 26 shows an arrangement in which two local feed- 
back loops having two gain multipliers 76, 77 are applied so 
to a five-order XA modulator having five integrators 
shown in Fig. 6, as shown in Fig. 7. With a XA modulator 
having the local feedback loop 75, it is possible to opti- 
mize the quantization noise components in the audible 
range for setting a dynamic rang to a broader value. ss 

In effect, with the digital signal processing device 
65 of the present seventh embodiment, a switch 78 
shown in Fig. 27 is provided in a feedback loop of the XA 
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modulator having a local feedback loop 67 for controlling 
the switching timing by a local feedback loop controller 
71. 

The above processing is done for suppressing the 
noise generated on switching between the XA re-mod- 
ulated signal obtained by XA modulator having the local 
feedback loop 75 and the original 1-bit signal. 

That is, the digital signal processing device 65 in- 
cludes a delay line 3, the bit-length converter 5, the am- 
plitude controller 35, the level difference detector 42, an 
adder 66, the XA modulator having the local feedback 
loop 67, the changeover switch 4, a switching controller 
72, a subtraction value processing controller 68 for each 
integrator, a pattern coincidence detector 70 and a local 
feedback loop controller 71 . 

The operation of the digital signal processing device 
65 is explained by referring to the timing chart of Fig.28. 

During the time the original 1 -bit delay signal S A is 
selected by the changeover switch 4, the local feedback 
loop controller 71 turns the local feedback loop of the 
XA modulator having a local feedback loop 67 off so as 
not to perform local feedback. On reception of a switch- 
ing request signal S D for switching from the delayed 
original 1 -bit signal S A to the XA re-modulated signal S B , 
the switching controller 72 first detects the coincidence 
at the pattern coincidence detector 70 and subsequently 
causes the changeover switch 4 to switch from the de- 
layed original 1-bit signal to the XA re-modulated signal 

In response thereto, the local feedback loop 71 
turns the local feedback loop control signal on and, by 
turning the switch 78 on, shorts the local feedback loop 
of the XA modulator having a local feedback loop 67 on 
to render local feedback active. On reception of the 
switching request signal S D from the XA re-modulated 
signal S B to the delayed original 1 -bit signal S A , after the 
gain is again restored to 1 through the amplitude 
processing by the amplitude controller 35, the local 
feedback loop 71 turns the local feedback loop control 
signal off to turn the local feedback loop of the XA mod- 
ulator having a local feedback loop 67 off to stop local 
feedback. 

In response thereto, the switching controller 72 
causes the changeover switch 4 to switch from the out- 
put S B of the XA modulator having a local feedback loop 
67 to the original 1 -bit signal S A> after passing through 
the subtraction by the subtraction value processing con- 
troller 68 and pattern coincidence detection processing, 
for realizing the switching free of noise. 

Referring to Figs. 29 to 32, an eighth embodiment is 
explained. This eighth embodiment is directed to a dig- 
ital signal processing device 100 switching between 
two-channel XA modulated signal, as an input signal ob- 
tained by two-channel XA modulation, and the XA re- 
modulated signal obtained from this input signal by a 
changeover switch as switching means, and executes 
cross-fading.. 

This digital signal processing device 1 00 includes a 
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LA modulator 115 for setting the gain ratio between the 
first stage feedback loop and the second stage feedback 
loop to 16 and for outputting the LA re-modulated 1-bit 
signal S B , and a delay line 102 for delaying a LA mod- 
ulated signal entered via an input terminal 101 by a first 
one of the above two channels a pre-se1 number of sam- 
ples. This digital signal processing device 100 also in- 
cludes a bit length converter 103 for matching the am- 
plitude level of the LA modulated signal to the amplitude 
level of the feedback signal to the first-stage integrator 
used in a LA modulator 1 1 5 and an amplitude controller 
1 04 for controlling the amplitude level of the a first level- 
adjusted signal having its amplitude level adjusted by 
the bit length converter 103. The digital signal process- 
ing device 1 00 also includes a delay line 1 08 for delaying 
the other IA modulated signal entered via an input ter- 
minal 1 01 by the second one of the above two channels 
a pre-set number of samples and a bit length converter 
109 for matching the amplitude level of the other LA 
modulated signal to the amplitude level of the feedback 
signal to the first-stage integrator used in the LA modu- 
lator 115. The digital signal processing device 100 also 
includes an amplitude controller 110 for controlling the 
amplitude level of the second level-adjusted signal hav- 
ing its amplitude level adjusted by the bit length convert- 
er 1 09. The digital signal processing device 1 00 also in- 
cludes an amplitude control output adjustment unit 105 
comprised of a subtraction value processing controller 
for generating a signal for LA re-modulation from two 
input/output signals of the amplitude controller 104 and 
the amplitude controller 110 and/or the signal in the LA 
modulator 115 and for generation and subtraction of 
subtraction data obtained on the basis of the control 
processing during the amplitude control period. The dig- 
ital signal processing device 100 further includes a 
switching controller 118 for controlling the amplitude 
controllers 104, 110, LA modulator 115, amplitude con- 
trol output adjustment unit 105 and the changeover 
switch 117. 

It s noted that the LA modulator 115 is a five-order 
LA modulator comprised of five integrators configured 
as shown in Fig. 6, and is of the same configuration as 
the IA modulator 6 shown in Fig. 7. Thus the gain ratio 
of the second-stage feedback loop to the state feedback 
loop excluding the integrator ahead and at back of the 
1 -bit quantizer in the LA modulator 1 1 5 is an integer val- 
ue of 1 6. The number of delay samples in the delay lines 
1 02 and 1 08 is set to 1 6 for correspondence to this gain 
ratio of 16. 

The LA modulator 1 1 5 may be a five-order LA mod- 
ulator comprised of five integrators configured as shown 
in Fig. 9, and may be configured as shown in Fig. 19. In 
such case, the pre-set number of samples is 15 (-16 - 
1) in correspondence to the gain ratio of 16. 

During the time the delayed signals from the delay 
lines 102 and 108 are selected by switching, the initial 
value of the integrator enclosed within the LA modulator 
115 is set to 0. 



The digital signal processing device 100 also in- 
cludes a pattern coincidence detection unitl 16 for de- 
tecting coincidence between the one and the other LA 
modulated signals and the LA re- modulated signals 
5 over plural samples and, based on the control signal ob- 
tained by the pattern coincidence detection unit 116 for 
switching between the one or the other LA modulated 
signals S A and S c and the LA re- modulated signals S B . 
The amplitude controller 104 is made up of a multi- 
io p|jer 121 and a coefficient generator 122, as shown in 
Fig. 30, and multiplies a first level-adjusted signal S M 
from the bit length converter 103 by a coefficient output 
Sj-, from a coefficient generator 122 by the multiplier 
121 . The amplitude controller 104 then sends an ampli- 
tude controller output S K to the amplitude control output 
adjustment unit 105. 

The amplitude controller 110 is made up of a multi- 
plier 123 and a coefficient generator 124, as shown in 
Fig. 31 , and multiplies a second level-adjusted signal S| 2 
from the bit lengin converter 109 by a coefficient output 
S J2 from a coefficient generator 1 24 in the multiplier 1 23. 
The amplitude controller 110 then sends an amplitude 
controller output S v to the amplitude control output ad- 
justment unit 105. 

The subtraction value processing controller in the 
amplitude control output adjustment unit 105 may be 
configured in many ways, as will be specifically de- 
scribed in the embodiments as later explained. 

The cross-fading processing operation, performed 
by the present digital signal processing device 100, is 
explained by referring to Fig. 32. Fig. 32 shows, in a tim- 
ing chart, the switching operation which the switching 
controller 1 1 8 causes the changeover switch 1 1 7 to per- 
form when the cross-fading processing signal S H is sup- 
plied to the control signal input terminal 1 20 of Fig.29. 

On reception of the cross-fading processing signal 
S H via the control signal input terminal 120, the switch- 
ing controller 118 first awaits the pattern coincidence 
processing by the pattern coincidence detector 116, and 
subsequently sends the switch changeover signal S E to 
the changeover switch 117 in order to switch from the 
delayed original 1 -bit signal S A of the first channel to the 
LA re- modulated signals S B . 

At this time, a sum signal S x by the amplitude con- 
trol output adjustment unit 105 of the amplitude control- 
ler output obtained with the coefficient of the coefficient 
generator 122 in the amplitude controller 104 set to 1 
with the amplitude controller output S v obtained with the 
coefficient of the coefficient generator 1 24 in the ampli- 
tude controller 110 set to 0, is supplied to the LA mod- 
ulator 115. 

The switching controller 118 then causes transition 
of the coefficient generator output Sj-| of the coefficient 
generator 122 in the amplitude controller 104 from 1 to 
0, while causing transition of the coefficient generator 
output S J2 of the coefficient generator 1 24 in the ampli- 
tude controller 1 1 0 from 0 to 1 . 

The amplitude control output adjustment unit 105 is 
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fed with a gradually decreasing amplitude controller out- 
put S K and a gradually increasing amplitude controller 
output S v . The amplitude control output adjustment unit 
105 sends a cross-faded addition signal S x to the XA 
modulator 115. On termination of the cross-fading, the $ 
subtraction data, obtained on the basis of the control 
processing during the cross-fading period by the sub- 
traction value processing controller in the amplitude 
control output adjustment unit 105 is gradually subtract- 
ed from the addition signal or from within LA modulator 10 
115. On termination of the subtraction operation, the 
amplitude control output adjustment unit 1 05 first awaits 
the pattern coincidence processing in the pattern coin- 
cidence detector 116 and sends the switch changeover 
signal S E to the changeover switch 117 to switch from *5 
the 1A re-modulator output S B to the delayed original 
1 -bit signal S c of the second channel. 

Thus, if the 1 -bit output signal outputted at an output 
terminal 119 of the digital signal processing device 100 
is restored via a low-pass filter to an analog audio signal, 20 
the listener can hear the sound cross-faded from the 
original audio signal of the first channel to the original 
audio signal of the second channel with noise suppres- 
sion. 

Referring to Fig. 33, a ninth embodiment will be ex- 25 
plained. This ninth embodiment is directed to a digital 
signal processing device 131 for realizing fade-in from 
a muted pattern signal and fade-out to the muted pattern 
signal by cross-fading a 1-bit muted pattern signal and 
a 1-bit signal obtained by EA modulation. 30 

This digital signal processing device 1 31 has a mute 
pattern signal generator 132 for generating a mute pat- 
tern signal connected to the input terminal 101 of the 
digital signal processing device 100 of the above-de- 
scribed eighth embodiment. Therefore, parts or compo- 3S 
nents excluding mute pattern signal generator 132 are 
depicted by the same numerals as those of the eighth 
embodiment and are not specifically explained. 

The operation of the digital signal processing device 
131 is explained for the case of performing fade-in 40 
processing from a muting processing and for the case 
of performing muting processing from the fade-out 
processing. 

First, in the case of fade-in processing, the digital 
signal processing device 131 receiving a fade-in 45 
processing signal S H1 via control signal input terminal 
1 20 performs cross-fading from the mute pattern signal 
obtained by the mute pattern signal generator 132 sup- 
plied to the input terminal 1 01 to the SA modulated signal 
supplied to the input terminal 107. This cross-fading so 
processing is similar to that of the above-described 
eighth embodiment and hence is not explained specifi- 
cally. 

Thus, if the 1 -bit output signal obtained at the output 
terminal 1 1 9 of the digital signal processing device 1 31 ss 
is restored to the analog audio signal via a low-pass fil- 
ter, an audio signal fade-in processed from the muted 
state can be obtained with noise suppression. 



Then, for fade-out processing, the digital signal 
processing device 100 receiving a fade-out processing 
signal S H2 via switching control terminal 120 performs 
cross-fading processing from the 1A modulated signal 
supplied to the input terminal 107 to the mute pattern 
signal obtained by the mute pattern signal generator 1 32 
supplied to the input terminal 101. 

This cross-fading processing is similar to that of the 
above-described eighth embodiment and hence is not 
explained specifically. 

Thus, if the 1 -bit output signal obtained at the output 
terminal 119 of the digital signal processing device 131 
is restored to the analog audio signal via a low-pass fil- 
ter, an audio signal which becomes muted after the fade- 
out processing is obtained under noise suppression. 

Referring to Figs.34 and 35, a tenth embodiment is 
now explained. This tenth embodiment is also a digital 
signal processing device for switching between two- 
channel 2^ modulated signals as input signals obtained 
by the two-channel ZA modulation processing, and the 
XA re-modulated signal derived from this input signal, 
and performs cross-fading. This tenth embodiment dif- 
fers from the eighth embodiment shown in Fig. 29 in ar- 
ranging the amplitude control output adjustment unit 
105 of the digital signal processing device 100 of the 
eighth embodiment as shown in Fig. 34 and is otherwise 
the same as the eighth embodiment. 

The amplitude control output adjustment unit 105 
includes a level difference detector 1 06 for detecting the 
difference between the first level adjustment signal from 
the bit length converter 103 and the level of the ampli- 
tude control output by the amplitude controller 104, and 
a cumulative adder 1 1 1 for cumulatively adding the level 
difference S y from the level difference detector 106 and 
the amplitude control output S v for the amplitude level 
control period for the first and second level-adjusted sig- 
nals over the amplitude level width length of the first and 
second level-adjusted signals. The amplitude control 
output S v is an amplitude-controlled second level-ad- 
justed signal from the bit length converter 1 09 outputted 
by the amplitude controller 110. The amplitude control 
output adjustment unit 105 also includes a subtraction 
value processing control gate 1 1 2 for gradually subtract- 
ing the cumulative sum S M of the cumulative adder 111 
from the first and second level-adjusted signals using 
the adder/subtractor 114. The cumulative adder 111 and 
the subtraction value processing control gate 112 make 
up a subtraction value processing controller 113. The 
amplitude control output adjustment unit 105 is other- 
wise similar to the arrangement shown in Fig.29. The 
timing chart for switching control performed by the 
switching controller 118 for the changeover switch 117 
is similar to that of Fig. 32. 

Fig. 35 shows, by an overall timing chart, the cross- 
fading processing operation by the present digital signal 
processing device 134. 

First, on reception of the cross-fading signal S H via 
control signal input terminal 120, a switching controller 
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118 awaits the pattern coincidence processing by the 
pattern coincidence detector 116, and subsequently 
sends a switch changeover signal S E to the changeover 
switch 117 to switch from the delayed original 1-bit sig- 
nal S A of the first channel to the ZA modulator output S B . 

At this time, an addition signal S x by the adder/sub- 
tractor 114 in the amplitude control output adjustment 
unit 105 of the amplitude controller output S K obtained 
with the coefficient of the coefficient generator 122 in 
the amplitude controller 104 set to 1 , and the amplitude 
controller output S v obtained with the coefficient of the 
coefficient generator 124 in the amplitude controller 110 
set to 0, are fed to the ZA modulator 115. 

The switching controller 1 1 8 causes transition of the 
coefficient generator output Sj-, of the coefficient gen- 
erator 122 in the amplitude controller 104 from 1 to 0, 
while causing transition of the coefficient generator out- 
put 3 12 of the coefficient generator 124 in the amplitude 
controller 110 from 0 tol . 

During this time, the level difference detector 106 
detects the difference S u between the amplitude level 
of the level adjustment signal S (1 (maximum amplitude 
level) arid the input signal level to the adder/subtractor 
114. The switching controller 118 controls the cumula- 
tive adder 111 for cumulatively adding the level differ- 
ence Sy and the output S v of the amplitude controller 
110. 

When the coefficient generator outputs S JA and S J2 
have reached 0 and 1 , respectively, the switching con- 
troller 118 causes the adder/subtractor 11 4 to gradually 
subtract the data SM, accumulated in the cumulative 
adder 111 , from the amplitude controller outputs S K and 
S v via the subtracter control gate 112. 

When the cumulative sum value S M in the cumula- 
tive adder 111 reaches 0, the switching controller 118 
controls the switching from the ZA modulator output S B 
to the delayed original 1-bit signal S c of the second 
channel through the pattern coincidence processing fol- 
lowing delay of a pre-set number of samples. 

For preventing oscillation of the digital signal 
processing device 1 34, a first integrator 51 having a Mm- 
iter shown in Fig. 21 is substituted for the first integrator 
of the ZA modulator115, and the limiter value is set to 
an integer number times the maximum amplitude level 
width. 

If the limiter function is in operation while the inte- 
grated value of the first integrator is larger than the 
above limiter value, control is managed so that the cu- 
mulative sum value in the cumulative adder 111 is 
cleared to zero by the switching controller 118. 

Thus, il the 1 -bit output signal outputted at an output 
terminal of the digital signal processing device 1 34 is 
restored via a low-pass filter to an analog audio signal, 
the listener can hear the cross-faded sound from the 
original audio signal of the first channel to the original 
audio signal of the second channel with noise suppres- 
sion. 

Referring to Figs. 36 and 37, an eleventh embodi- 



ment is now explained. This eleventh embodiment is di- 
rected to a digital signal processing device 135 config- 
ured for switching between two-channel ZA modulated 
signal as an input signal obtained by the two-channel 

5 ZA modulation processing, and ZA re-modulated signal 
derived from this input signal, and performs cross-fad- 
ing. This tenth embodiment differs from the eighth em- 
bodiment shown in Fig.29 in substituting the an ampli- 
tude control output adjustment unit 1 36 for the amplitude 

10 control output adjustment unit 105 of the digital signal 
processing device 100 of the eighth embodiment shown 
in Fig.29, and is otherwise the same as the eighth em- 
bodiment. 

The amplitude control output adjustment unit 1 36 

15 includes a level difference detector 1 37 for detecting the 
difference between the above second level adjustment 
signal and the level following amplitude control by the 
amplitude controller 110, and a cumulative adder 138 
for cumulatively adding the level difference from the lev- 

20 el difference detector 1 37 and the level following control 
of the amplitude level of the first level adjustment signal 
by the amplitude controller 104 with the amplitude level 
width length during the period of amplitude level control 
of the first and second level-adjusted signals. The am- 

25 plitude control output adjustment unit 1 36 also includes 
a subtraction value control gate 139 for gradually sub- 
tracting the cumulative sum of the cumulative adder 1 38 
from the first and second level adjustment signals using 
the adder/subtractor 141. The cumulative adder 138 

30 and the subtraction value control gate 1 39 make up a 
subtraction value processing controller 140. Since the 
various components of the amplitude control output ad- 
justment unit 136 are similar to those of the amplitude 
control output adjustment unit 100, the corresponding 

35 description in not made. 

The cross-fading processing operation performed 
by the digital signal processing device 1 35 is explained 
by referring to the timing chart of Fig. 37. The timing chart 
for switching control performed by the switching control- 

40 ler 18 is similar to that shown in Fig. 32. 

First, the switching controller 118 receiving the 
cross-fading processing signal via switching control ter- 
minal 120 awaits the pattern coincidence processing at 
the pattern coincidence detector 1 1 6 and sends a switch 

45 changeover signal S E to the changeover switch 117 in 
order to switch from the delayed 1-bit signal S A of the 
first channel to the ZA modulator output S B . 

To the ZA modulator 115 is sent the addition signal 
S x by the adder/subtractor 1 14 of the amplitude control- 

50 ler output S K obtained with the coefficient of the coeffi- 
cient generator 122 in the amplitude controller 104 set 
to 1 and the amplitude controller output S v obtained with 
the coefficient of the coefficient generator 1 24 in the am- 
plitude controller 110 set to 0. 

55 The switching controller 1 1 8 then causes transition 
of the coefficient generator output S JA of the coefficient 
generator 122 in the amplitude controller 104 from 1 to 
0, while causing transition of the coefficient generator 
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output S J2 of the coefficient generator 124 in the ampli- 
tude controller 110 from 0 to 1 . 

During this time, the level difference detector 137 
detects the difference S y of the input signal level to the 
adder/subtractor 1 41 with respect to the amplitude level 5 
of the level-adjusted signal S, 2 (maximum amplitude lev- 
el). During this time, the switching controller 1 1 8 controls 
the cumulative adder 138 for cumulatively adding the 
level difference S y to the output S K of the amplitude con- 
troller 104. w 

When the coefficient generator output Sj., and the 
coefficient generator output S J2 reach 0 and 1 , respec- 
tively, the switching controller 118 gradually subtracts 
the data S M accumulated in the cumulative adder 138 
by the adder/subtractor 1 41 from the amplitude control- is 
ler output S K and the amplitude controller output S v 
through the subtraction control gate 139. 

When the cumulative addition value S M of the cu- 
mulative adder 1 38 reaches 0, the switching controller 
118 controls the switching from the ZA modulator output 20 
S B to delayed original 1 -bit delay signal S c through pat- 
tern coincidence processing following delay over a pres- 
set number of samples. 

For preventing oscillation of the digital signal 
processing device 1 35, a first integrator 51 having a lim- 25 
iter 51 shown in Fig. 21 is substituted for the first inte- 
grator of the ZA modulator115, and the limiter value is 
set to an integer number times the maximum amplitude 
level width. 

If the limiter function is in operation while the inte- 30 
grated value of the first integrator is larger than the 
above limiter value, control is managed so that the cu- 
mulative sum value in the cumulative adder 111 is 
cleared to zero by the switching controller 118. 

Thus, if the 1 -bit output signal outputted at an output 35 
terminal of the digital signal of the first channel to the 
digital signal processing device 134 is restored via a 
low-pass filter to an analog audio signal, the listener can 
hear the noise-suppressed cross-faded sound cross- 
faded from the original audio signal of the second chan- 40 
nel.. 

Referring to Fig. 38, a twelfth embodiment is now ex- 
plained. This twelfth embodiment is directed to a digital 
signal processing device configured for switching be- 
tween two-channel ZA modulated signal as an input sig- 45 
nal obtained by the two-channel ZA modulation process- 
ing, and a ZA re-modulated signal derived from this input 
signal, by the changeover switch 117 as switching 
means, and performs cross-fading. This twelfth embod- 
iment differs from the eighth embodiment shown in Fig. so 
29 in substituting the amplitude control output adjust- 
ment unit 143 for the amplitude control output adjust- 
ment unit 1 05 of the digital signal processing device 1 00 
of the eighth embodiment shown in Fig. 29 and in sub- 
stituting a switching controller 1 54 for the switching con- 55 
troller 1 1 8. The present twelfth embodiment is otherwise 
the same as the eighth embodiment. 

The amplitude control output adjustment unit 143 
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includes a remainder detector 149 for detecting the re- 
mainder of the integrated value Set of a first integrator 
153 in the ZA modulator 1 51 with respect to the maxi- 
mum amplitude level width (equal to twice the above 
maximum amplitude level) and a subtraction value de- 
tector 147 for gradually subtracting the remainder de- 
tected by the remainder detector 1 49 from the maximum 
amplitude level signal outputted by the adder 1 44 using 
an adderVsubtractor 145. The remainder detector 149 
and the subtraction value detector 147 make up a sub- 
traction value processing controller 146. 

The ZA modulator 151 is configured similarly to the 
ZA modulator 6 shown in Fig. 7 and is comprised of a 
first coefficient multiplier connected downstream of a 
first adder 1 52 and the first integrator 1 53. The integrat- 
ed value outputted by the first integrator 153 is supplied 
to the remainder detector 149 in the subtraction value 
processing controller 146. 

The switching controller 1 54 controls the amplitude 
controllers 104, 110, ZA modulator 151, amplitude con- 
trol output adjustment unit 143 and the changeover 
switch 117, and is particularly characterized in that a 
subtraction value detection timing generator 155, gen- 
erating a subtraction value detection timing signal, is 
provided in the subtraction value processing controller 
146 in the amplitude output adjustment unit 143. 

The operation of the digital signal processing device 
of the present twelfth embodiment is explained. First, 
the switching controller 154 receiving the cross-fading 
processing signal via switching control terminal 120 
awaits the pattern coincidence processing at the pattern 
coincidence detector 116 and sends a switch changeo- 
ver signal S E to the changeover switch 117 in order to 
switch from the delayed 1 -bit signal S A of the first chan- 
nel to the ZA modulator output S B . 

To the ZA modulator 151 is sent the addition signal 
S x by the adder 144 of the amplitude controller output 
S K obtained with the coefficient of the coefficient gener- 
ator 1 22 in the amplitude controller 104 of Ftg.26 set to 
1 and the amplitude controller output S v obtained with 
the coefficient of the coefficient generator 1 24 in the am- 
plitude controller 110 set to 0. 

The switching controller 154 then causes transition 
of the coefficient generator output of the coefficient 
generator 122 in the amplitude controller 104 from 1 to 
0, while causing transition of the coefficient generator 
output S J2 of the coefficient generator 124 in the ampli- 
tude controller 1 1 0 from 0 to 1 . 

At a point after outputs of the amplitude controller 
104 and the amplitude controller 110 become 0 and 1 
(maximum amplitude level) , respectively, by the cross- 
fading processing, the subtraction value detection tim- 
ing generator 155 in the switching controller 154 gener- 
ates a subtraction value detection timing signal. The 
subtraction value control gate 147 is responsive to the 
subtract ion value detection timing signal to seize a re- 
mainder Sp from the remainder value detector 149. 

The subtraction value control gate 147 is respon- 
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sive to the subtraction value detection timing signal to 
seize the remainder Sfl and causes he subtractor 145 
to gradually subtract the remainder value from the ad- 
dition signal S x . 

The switching controller 154 controls the switching 
from the ZA modulator output S B to the delayed original 
1 -bit signal S c of the second channel through the pattern 
coincidence processing following delay of a pre-set 
number of samples. 

Thus, if the 1 -bit output signal outputted at an output 
terminal of the digital signal of the digital signal process- 
ing device 1 34 of the twelfth embodiment is restored via 
a low-pass filter to an analog audio signal, cross-fading 
is realized from the original audio signal to the original 
audio signal of the second channel with noise suppres- 
sion. 

Referring to Figs. 39 and 40, a thirteenth embodi- 
ment is now explained. This thirteenth embodiment is 
directed to a digital signal processing device configured 
for switching between two-channel ZA modulated signal 
as an input signal obtained by the two-channel ZA mod- 
ulation processing, andXA re-modulated signal derived 
from this input signal, by a changeover switch as switch- 
ing means, and performs cross-fading. 

This thirteenth embodiment differs from the eighth 
embodiment shown in Fig. 29 in substituting the an am- 
plitude control output adjustment unit 158 for the ampli- 
tude control output adjustment unit 105 of the digital sig- 
nal processing device 100 of the eighth embodiment 
shown in Fig. 29 and is otherwise the same as the eighth 
embodiment. 

The amplitude control output adjustment unit 158 
includes an adder 1 63 for adding the positive maximum 
amplitude level from the maximum amplitude level gen- 
erator 1 62 to the integrated value Set of the first integra- 
tor 1 53 in the ZA modulator 151, and a remainder value 
detector 164 for detecting the remainder value relative 
the maximum amplitude level (equal to the above max- 
imum amplitude level) of the addition output of the adder 
163. The amplitude control output adjustment unit 158 
also includes a subtractor 165 for subtracting the posi- 
tive maximum amplitude level from the remainder value 
detected by the remainder value detector 164, and a 
subtraction value control gate 166 for gradually sub- 
tracting the subtraction output of the subtractor 1 65 from 
the maximum amplitude level signal outputted by the 
adder 1 59 using the adder/subtractor 160. The subtrac- 
tion output is termed thereinafter as the result of sub- 
traction of the addition remainder value. The adder 1 63, 
remainder value detector 164, subtraction value control 
gate 1 66 and a maximum amplitude level generator 1 62 
make up a subtraction value processing controller 161. 

The operation of the digital signal processing device 
of the present thirteenth embodiment is explained by re- 
ferring to Fig. 40 showing signal examples of the integra- 
tion value Set and the result of subtraction of the addition 
remainder value Sp in the case of binary processing. 

First, the switching controller 154 receiving the 



cross-fading processing signal via switching • control 
terminal 120 awaits the pattern coincidence processing 
at the pattern coincidence detector 116 and sends a 
switch changeover signal SE to the changeover switch 
s 117 in order to switch from the delayed 1-bit signal S A 
of the first channel to the ZA modulator output S B . 

To the ZA modulator 151 is sent, via a subtractor 
160, an addition signal S x by the adder 159 of the am- 
plitude controller output S K obtained with the coefficient 
io of the coefficient generator 1 22 in the amplitude control- 
ler 104 of Fig. 30 set to 1 and the amplitude controller 
output S v obtained with the coefficient of the coefficient 
generator 124 in the amplitude controller 110 set to 0. 
The switching controller 118 then causes transition 
is of the coefficient generator output Sj-, of the coefficient 
generator 122 in the amplitude controller 104 from 1 to 
0, while causing transition of the coefficient generator 
output S J2 of the coefficient generator 124 in the ampli- 
tude controller 1 1 0 from 0 to 1 . 

At a point after outputs of the amplitude controller 
104 and the amplitude controller 110 become 0 and 1 
(maximum amplitude level) , respectively, by the cross- 
fading processing, the subtraction value detection tim- 
ing generator 1 55 in the switching controller 1 54 gener- 
ates a subtraction value detection timing signal. The 
subtraction value control gate 166 is responsive to the 
subtraction value detection timing signal to seize the re- 
mainder Sp from the remainder value detector 165. 

The result of subtraction of the addition remainder 
value Sp is now explained. The first integrator 1 53 of the 
ZA modulator 1 51 outputs an integrated value Sa shown 
in Fig. 40. ft is assumed that the maximum amplitude lev- 
el width is 1000 (binary) as a power of 2. Then, by de- 
tecting the lower 3 bits and recognizing them as a 2's 
complement, the detection value directly becomes the 
result of subtraction of the addition remainder value sp 
obtained on subtracting the positive maximum ampli- 
tude level from the remainder value corresponding to 
addition of the positive maximum amplitude level. 

By adding the positive maximum amplitude level by 
the adder 163 to the integrated value Sa as an output 
of the first integrator 153, detecting the remainder of the 
addition output from the maximum amplitude level width 
by the remainder value detector 164 and by subtracting 
the maximum amplitude level from the remainder by a 
subtractor 165, the result of subtraction of the addition 
remainder value Sp is obtained. This result of subtrac- 
tion of the addition remainder value Sp is the lower 3 
bits of the integrated value Sa. 

The subtraction value control gate 166 seizes the 
result of subtraction of the addition remainder value Sp 
responsive to the subtraction value detection timing sig- 
nal and gradually subtracts the result Sp from the addi- 
tion signal S x . 

The switching controller 1 54 controls switching from 
the LA modulator output S B to the delayed original 1 -bit 
signal S c of the second channel through the pattern co- 
incidence processing following delay over a pre-set 
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number of samples. 

Thus, if the 1 -bit output signal outputted at an output 
terminal of the digital signal processing device of the 
thirteenth embodiment is restored via a low-pass filter 
to an analog audio signal, cross-fading from the original s 
audio signal of the first channel to the original audio sig- 
nal of the second channel with noise suppression is re- 
alized. 

By using the result of subtraction of the addition re- 
mainder value Sp, obtained on subtracting the maxi- to 
mum amplitude level from the remainder, as a value 
seized by the subtraction value control gate 166, the 
time of convergence to zero may be halved for realizing 
smoother switching. 

Referring to Figs. 41 and 42 : a fourteenth embodi- is 
ment is explained, in which the first integrator 51 having 
the limiter shown in Fig.21 is substituted for the first in- 
tegrator 1 53 of the XA modulator 1 51 in the digital signal 
processing device of the above-described twelfth em- 
bodiment, is explained. This fourteenth embodiment is 20 
directed to a digital signal processing device for causing 
a changeover switch 117, as switching means, to switch 
between the two-channel XA modulated signal as an 
input signal obtained by the two-channel XA modulation, 
and XA re-modulated signal derived from the input sig- 2s 
nal, and performs cross-fading. However, there is pro- 
vided a first integrator having a limiter 151 , for prevent- 
ing dispersion in the XA modulator 151. 

The integrated value Sa, limited by the integrator 
51 having the limiter, is supplied to a remainder value 30 
detector 149 in the subtraction value controller 146 
shown in Fig. 38. 

Referring to Fig. 41 : the operation of the digital sig- 
nal processing device according to the fourteenth em- 
bodiment is now explained. On reception of the cross- 35 
fading signal S H via control signal input terminal 120, a 
switching controller 1 54 shown in Fig.41 awaits the pat- 
tern coincidence processing by the pattern coincidence 
detector 116, and subsequently sends a switch change- 
over signal S E to the changeover switch 117. The 40 
changeover switch switches from the delayed original 
1-bit signal S A of the first channel to the XA modulator 
output S B . Before this pattern coincidence processing, 
the digital signal processing device causes the subtrac- 
tion value control gate 147 to gradually subtract, from 45 
the maximum amplitude level signal, the remainder val- 
ue Sp from the maximum amplitude level width of the 
limiter integrated value Sa during the period of selection 
of the delayed original 1 -bit signal, using the subtractor 
145. so 

Subsequently, an addition signal S x by the adder/ 
subtractor 144 in the amplitude control output adjust- 
ment unit 144 of the amplitude controller output S K ob- 
tained with the coefficient cf the coefficient generator 
1 22 in the amplitude controller 1 04 of Fig. 30 set to 1 and ss 
the amplitude controller output S v obtained with the co- 
efficient of the coefficient generator 1 24 in the amplitude 
controller 110 set to 0, is fed via subtractor 145 to the 



XA modulator 151 . 

The switching controller 1 54 causes transition of the 
coefficient generator output Sj., of the coefficient gen- 
erator 122 in the amplitude controller 104 from 1 to 0, 
while causing transition of the coefficient generator out- 
put Sj2 of the coefficient generator 124 in the amplitude 
controller 110 from 0 tol. 

At a point after outputs of the amplitude controller 
104 and the amplitude controller 110 become 0 and 1 
(maximum amplitude level) , respectively by the cross- 
fading processing, the subtraction value detection tim- 
ing generator 155 in the switching controller 154 gener- 
ates a subtraction value detection timing signal. The 
subtraction value control gate 147 is responsive to the 
subtraction value detection timing signal to seize a re- 
mainder S(J from the remainder value detector 149. 

The subtraction value control gate 147 is respon- 
sive to the subtraction value detection timing signal to 
seize the remainder S(3 and causes the subtractor 145 
to gradually subtract the remainder value from the ad- 
dition signal S x . 

The switching controller 154 controls the switching 
from the XA modulator output S B to the delayed original 
1 -bit signal S c of the second channel through the pattern 
coincidence processing following delay of a pre-set 
number of samples. 

Thus, if the 1 -bit output signal outputted at an output 
terminal of the digital signal of the digital signal process- 
ing device 1 34 of the twelfth embodiment is restored via 
a low-pass filter to an analog audio signal, there is real- 
ized cross-fading from the original audio signal to the 
original audio signal of the second channel with noise 
suppression. 

A modification of the digital signal processing de- 
vice according to the fourteenth embodiment s now ex- 
plained. This modification is directed to a digital signal 
processing device in which the limit value of the first in- 
tegrator having the limiter 51 of the XA modulator 151 is 
set to a value equal to, for example, four times the max- 
imum amplitude level width. Various components of 
Figs.21 and 38 apply unchanged and hence the corre- 
sponding description is not made. 

That is, the digital signal processing device accord- 
ing to the present modification has a first integrator 51 
having a limiter for limiting the integrated value of the 
XA modulator 1 51 with a limit value of an integer number 
multiple, such as four times, of the maximum amplitude 
level width. 

The operation of the digital signal processing device 
according to the present modification is explained by re- 
ferring to Fig. 42. 

If the maximum amplitude level width is 01000 (bi- 
nary), the limit values of the first integrator having the 
limiter 51 become 0100000 and 1100000. This sets the 
remainderfrom the maximum amplitude level width dur- 
ing operation of the first integrator 51 having the limiter 
to 0. Thus, with the present modification, subtraction of 
the remainder value from the maximum amplitude level 



18 

BNSDOCID: <EP 0783207A2J_> 



35 



EP 0 783 207 A2 



36 



by the subtraction control gate 147 prior to switching 
control to the ZA re-modulated 1 -bit signal, required with 
the digital signal processing device according to the 
fourteenth embodiment, is not required, such that cross- 
fading from the original audio signal of the first channel s 
to the original audio signal of the second channel under 
noise suppression is realized even on limiter operation. 

A fifteenth embodiment, in which the £A modulator 
1 51 shown in Fig. 21 is substituted for the first integrator 

153 of the 1A modulator 151 of the digital signal to 
processing device according to the thirteenth embodi- 
ment, is explained. The present fifteenth embodiment is 
directed to a digital signal processing device having a 
changeover switch 117 as switching means for switch- 
ing between the two-channel 1A modulated signal as an 75 
input signal obtained by the two-channel 1A modulation 
and the LA re-modulated signal derived from the input 
signal, and executes cross-fading. The present fifteenth 
embodiment has a first integrator having limiter 51 for 
preventing dispersion of the IA modulator 151 . 20 

The integrated value Su, limited by the integrator 
51 having the limiter, is suppiied to a remainder value 
detector 163 in the amplitude control output adjustment 
unit 158 shown in Fig. 39. 

On reception of the cross-fading signal S H via con- 25 
trol signal input terminal 120, the switching controller 

1 54 awaits the pattern coincidence processing by the 
pattern coincidence detector 116, and subsequently 
sends a switch changeover signal S E to the changeover 
switch 117. The changeover switch switches from the 30 
delayed original 1 -bit signal S A of the first channel to the 

LA modulator output S B . Before this pattern coincidence 
processing, the digital signal processing device gradu- 
ally subtracts, from the maximum amplitude level signal 
entering the £A modulator 1 51 , the remainder value sp 35 
from the maximum amplitude level width of the limiter 
integrated value Sa during the period of selection of the 
delayed original 1-bit signal, using the subtractor 160. 

This result of subtraction of addition remainder val- 
ue Sp is obtained by detecting, by the remainder value 40 
detector 164, the remainder value from the maximum 
amplitude level width of an addition signal obtained on 
adding the positive maximum amplitude level by the 
adder 163 to the limiter integrated value Saof first inte- 
grator 51 having the limiter, and by subtracting the max- 45 
imum signal level by the subtractor 165. 

Subsequently, an addition signal S x by the adder 

159 of the amplitude controller output S K obtained with 
the coefficient generator output Sj-, of the coefficient 
generator 122 in the amplitude controller 1 04 of Fig. 30 so 
set to 1 and the amplitude controller output S v obtained 
with the coefficient of the coefficient generator 1 24 in 

the amplitude controller 1 1 0 set to 0, is fed via subtractor 

1 60 to the ZA modulator 151. 

The switching controller 1 54 causes transition of the ss 
coefficient generator output S J1 of the coefficient gen- 
erator 122 in the amplitude controller 104 from 1 to 0, 
while causing transition of the coefficient generator out- 



put S J2 of the coefficient generator 1 24 in the amplitude 
controller 110 from 0 tol. 

At a point after outputs of the amplitude controller 
104 and the amplitude controller 110 become 0 and 1 
(maximum amplitude level) , respectively, by the cross- 
fading processing, the subtraction value detection tim- 
ing generator 155 in the switching controller 154 gener- 
ates a subtraction value detection timing signal. The 
subtraction value control gate 166 is responsive to the 
subtraction value detection timing signal to seize the re- 
mainder sp. 

The subtraction value control gate 166 then gradu- 
ally subtracts the remainder Sp from the addition signal 
S x by the subtractor 160. 

The switching controller 154 controls the switching 
from the ZA modulator output SB to the delayed original 
1 -bit signal S c of the second channel through the pattern 
coincidence processing following delay of a pre-set 
number of samples. 

Thus, if the 1 -bit output signal outputted at an output 
terminal of the digital signal of the digital signal process- 
ing device 1 34 of the twelfth embodiment is restored via 
a low-pass filter to an analog audio signal, there is real- 
ized cross-fading from the original audio signal to the 
original audio signal of the second channel with noise 
suppression. 

By using the result of subtraction of the addition re- 
mainder value Sp, obtained on subtraction of the posi- 
tive maximum amplitude level from the remainder value, 
as the value seized by the subtraction value control gate 
151 , the time of convergence to zero may be halved for 
realizing smother switching. 

With the digital signal processing device of the 
present fifteenth embodiment, by setting the limit value 
of the first integrator having the limiter 1 51 to an integer 
number times, such as four times, the maximum ampli- 
tude level width, subtraction of the result of subtraction 
of the addition remainder value sp from the maximum 
amplitude level by the subtraction control gate 166 prior 
to switching control to the ZA re-modulated 1-bit signal, 
is not required, such that cross-fading from the original 
audio signal of the first channel to the original audio sig- 
nal of the second channel under noise suppression is 
realized even on limiter operation. 

Referring to Figs. 43 and 44, a sixteenth embodi- 
ment is explained. The present sixteenth embodiment 
is directed to an arrangement of a switching device for 
two-channel ZA modulated signal of the eighth embod- 
iment in which, for constructing a subtraction value 
processing controller within the amplitude control output 
adjustment unit in Fig. 29, a remainder value detector is 
provided within the amplitude control output adjustment 
unit. 

Thus the present embodiment is directed to such a 
device corresponding to the twelfth, thirteenth and four- 
teenth embodiments in which not only the integrated val- 
ue of the first integrator but also the integrated values 
of the second and following integrators are used for con- 
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trolling the subtraction of the integrated value in the in- 
tegrator in each ZA modulator in each digital signal 
processing device. 

Fig. 43 shows an illustrative device for controlling 
the processing of subtraction values for the second and 
following integrators. Control outputs returned from the 
second subtraction value processing controller 172 
through to the fifth subtraction value processing control- 
ler 1 75 are returned to the adders 1 3 through to 22 pro- 
vided ahead of the integrators of the second and follow- 
ing stages of the integrators. In this case, subtraction 
value processing control occurs sequentially after sub- 
traction processing in the first-stage first subtraction val- 
ue processing controller 171 completely comes to a 
close. This is realized by the switching controller 171 
supplying pulsed subtraction value processing control 
signals to the subtraction value processing controllers 
171 through to 175 at the timing shown in Fig.44. For 
example, in the case of the arrangement shown in Fig. 
43, the reference value for detection of the remainder 
value in the remainder detector in the second subtrac- 
tion value processing controller 172 is 1/16 of the refer- 
ence for detection of the first-stage remainder value, 
while the reference value for detection of the remainder 
value in the remainder detector in the third subtraction 
stage is 1/128 (=(1/16) x (1/8)) of the reference for de- 
tection of the first-stage remainder. 

Moreover, by using the ZA modulator shown in Fig. 
43, limiting processing becomes possible for the second 
and the following stages of the integrators by similar 
subtraction processing by the integrators with the limit- 
ers. In addition, by setting the limit values of the entire 
integrators to a value equal to an integer number times 
of the maximum amplitude level value, limiting process- 
ing free of subtraction is also realized. This may be ap- 
plied to the tenth and eleventh embodiments. 

Referring to Fig. 17, a seventeenth embodiment is 
explained. This seventeenth embodiment is directed to 
a digital signal processing device 125 designed for 
switching between two-channel ZA modulated signals 
S A , S c and a 1-bit signal S B obtained on ZA re-modu- 
lating a signal S x by a ZA modulator 67 having a local 
feedback loop shown in Fig. 26. The signal S x , in turn, 
is obtained by amplitude-controlling these two-channel 
ZA modulated signals S A , S c . The basic arrangement is 
similar to that of the digital signal processing device 1 00 
shown in Fig.29. The arrangement of the ZA modulator 
and the peripnerai circuitry are also shown in Fig. 47. 

That is, the present digital signal processing device 
125 includes two delay lines 102, 108, two bit length 
converters 103, 109, two amplitude controllers 104, 110 
and an amplitude control output adjustment unit 105. 
The present digital signal processing device 125 also 
includes a SA modulator having a local feedback loop 
67, a changeover switch 117, a switching controller 72, 
subtraction value processing controllers 68, 69 for the 
integrators, a pattern coincidence detector 11 6 and a lo- 
cal feedback loop controller 71 . 



The arrangement of the SA modulator having a local 
feedback loop 67 and the subtraction value processing 
controller in the amplitude control output adjustment unit 
may be configured as the ZA modulator having a local 

5 feedback loop 67 in the digital signal processing devices 
173, 174 and 175 and the amplitude control output ad- 
justment units 1 05, 1 43 and 1 76 shown in Figs.46 to 48. 
Within the SA modulator having a local feedback loop 
67 is provided a switch 78 for opening/closing the local 

io feedback loop. 

The operation of the digital signal processing device 
125 is now explained by referring to the timing chart of 
Fig.49. 

During the time the delayed original 1-bit signal S A 
15 from the delay line 102 is selected by the changeover 
switch 117, the local feedback loop controller 71 opens 
the switch 78 for turning off the local feedback loop of 
the ZA modulator having a local feedback loop 67 to in- 
hibit local feedback. On reception of the switching re- 

20 quest signal S H for switching from Ihe original 1-bit sig- 
nal S A from the original 1 -bit signal S B , for cross-fading, 
the switching controller 72 first detects pattern coinci- 
dence in the pattern coincidence detector 116 and then 
receives the switch control signal S E to cause the 

25 changeover switch 117 to switch from the original 1 -bit 
signal S A to the signal S B cf the SA modulator having a 
local feedback loop 67. 

In response thereto, the local feedback loop con- 
troller 71 turns on the switch 78 to complete the local 

30 feedback loop of the ZA modulator having a local feed- 
back loop 67 to activate local feedback. Subsequently, 
the local feedback loop controller 71 undergoes the am- 
plitude processing by the amplitude controllers 104, 110 
to reach respective gain values of 0 and 1 , respectively. 

35 The local feedback loop controller 71 then receive a 
switching request to the original 1 -bit signal S c from the 
ZA re-modulated signal S B to turn off the switch 78 to 
open the local feedback loop of the ZA modulator having 
a local feedback loop 67 to terminate local feedback. 

40 in response thereto, the switching controller 72 re- 
ceives the switching control signal S E following subtrac- 
tion processing by the subtraction value processing con- 
troller and the pattern coincidence detection processing, 
for realization of the noise-free switching, and causes 

45 the changeover switch 117 to switch from tne ZA re- 
modulated signal SfJ to the original 1 -bit signal S c . 

Thus, if the 1 -bit output signal derived from the out- 
put terminal 119 of the digital signal processing device 
125 is restored by a low-pass filter through a low-pass 

so filter, the listener can hear high-quality cross-faded 
sound from the original audio signal of the first channel 
to the original audio signal of the second channel. 

Fig.50 illustrates, by a timing chart s another exam- 
ple of the on-of control by the switch 78 of local feedback 

ss of the ZA modulator having a local feedback loop 67 by 
the local feedback loop controller 71 . 

The operation up to activation of the local feedback 
loop is the same as that shown in Fig.49. After the local 
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feedback loop controller 71 undergoes the amplitude 
processing by the amplitude controller 104, 110 to reach 
respective gain values of 0 and 1, respectively, the 
switching controller 72 receives a switching request to 
the original 1 -bit signal S c from the ZA re-modulated sig- 
nal S B to perform subtraction processing for the first- 
stage integrator by the subtraction value processing 
controller or the first subtraction value processing con- 
troller 171. 

The local feedback loop controller 71 then turns off 
the local feedback loop control signal and turns off the 
switch 78 to open the local feedback loop of the ZA mod- 
ulator having a local feedback loop 67 to terminate local 
feedback. If the device has second and following stages 
of the integrators as shown in Fig.48, the local feedback 
loop controller 71 sequentially performs subtraction 
processing for the second and following stages of the 
integrators by the second and following stages of the 
subtraction value processing controllers and undergoes 
the pattern coincidence detection processing to receive 
the switch control signal S E to switch from the output S B 
of the ZA re-modulator having local feedback loop to the 
original 1 -bit signal S c . 

The control of the local feedback lop at the timing 
shown in Fig. 50 is effective for a modulator, as ZA mod- 
ulator having a local feedback loop 67, in which the local 
feedback loop is not connected to a point ahead of the 
initial stage integrator 11 , such as a five-order ZA mod- 
ulator shown for example in Fig. 26. This realizes a ZA 
re-modulated signal having a local feedback loop until 
directly before switching. 

The ZA modulator having a local feedback loop 67 
may be configured as shown in Fig. 51 . That is, the feed- 
back loop gain by the variable gain multiplier 82 of the 
ZA modulator having a local feedback loop 81 may be 
variably controlled by the local feedback loop controller 
83. Although the exceptional case of the device having 
plural stages of the subtraction value processing con- 
trollers configured as shown in Fig.48 has been de- 
scribed in the above, this is not to be construed in the 
limiting sense. 

The operation for this case is explained by referring 
to tne timing chart of Fig.52. During the time the delayed 
original 1 -bit signal is selected by the changeover switch 
117, the local feedback loop controller 83 sets the loop 
gain value sent to the variable gain multiplier 82 of the 
local feedback loop of the ZA modulator having a local 
feedback loop 81 to zero without performing local feed- 
back. On reception of the switching request signal S H 
from the original 1-bit signal S A to the signal S c for 
cross-fading, the switching controller 72 first detects the 
pattern coincidence at the pattern coincidence detector 
70 and then receives the switching control signal S E to 
cause the changeover switch 117 to switch from the 
original 1 -bit signal S A to the output S B of the ZA mod- 
ulator having local feedback loop. 

In response thereto, the local feedback loop 83 
gradually varies the loop gain value to the variable gain 



multiplier 82 to a stationary loop gain value for activating 
the feedback to the ZA modulator having local feedback 
loop.81 . If, after the gain values are restored to 0 and 1 
through the amplitude processing performed by the am- 
5 plitude controllers 104, 110, respectively, the switching 
controller 72 receives a switching request from the ZA 
re-modulated signal S B to the original 1-bit signal S c , 
the switching controller 72 performs subtraction 
processing for the first-stage integrator by the subtrac- 

10 tion value processing controller or the first subtraction 
value processing controller 171 for realizing noise-free 
switching. Simultaneously or wich a slight time delay if 
the local feedback loop is not connected to a point ahead 
of the first-stage integrator, the local feedback loop con- 

15 troller 83 gradually diminishes the loop gain value to the 
variable gain multiplier 82 and ultimately to zero for 
opening the local feedback loop for terminating local 
feedback. If the device has second and following stages 
of the subtraction value processing controllers after ces- 

20 sation of the processing and local feedback, the local 
feedback loop controller 83 receives the switch control 
signal S E after sequentially performing subtraction 
processing for the second and following stage integra- 
tors by the second and following stage subtraction value 

25 processing controller 172 and the pattern coincidence 
detection processing to cause the switch 117 to switch 
from the output S B of the ZA modulator having local 
feedback loop 81 to the original 1 -bit signal S c . 

With the digital signal processing device 65, it is as- 

30 sumed that two local feedback loops are controlled si- 
multaneously by an arrangement in which the five-order 
ZA modulator has two local feedback loops. However, 
the same effect may be realized by controlling only the 
input side feedback loop. The similar effect may also be 

35 realized by setting the opening timing of the downstream 
side local feedback loop so as to be temporally after the 
end of the subtraction processing for the integrator up- 
stream of the integrator to which is connected the feed- 
back loop. 

40 Although the five-order ZA modulator shown in Fig. 
26 is used in the digital signal processing device 65 as 
the ZA modulator having the local feedback loop, there 
is no limitation to the number of orders or the number of 
feedback loops. 

45 The ZA modulator having the local feedback loop 
may be configured as shown in Fig. 51 for outputting var- 
iable loop gain from the local feedback controller 83 to 
the variable gain multiplier 82. 

It is to be noted that the application shown as the 

so switching device for an input obtained by a two-channel 
ZA modulator can be applied to a device for scanning 
the amplitude of an input signal obtained by a single- 
channel ZA modulation. 

55 

Claims 

1. A digital signal processing apparatus for switching 
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between a delayed sigma-delta modulated signal, 
obtained on delaying a sigma-delta modulated sig- 
nal, as an input signal obtained by sigma-delta mod- 
ulation, and a sigma-delta re-modulated signal ob- 
tained on sigma-delta re-modulation of said input 
signal, comprising: 

input signal delaying means for delaying the 
sigma-delta modulated signal, as the input sig- 
nal, by a pre-set number of samples, for output- 
ting said delayed sigma-delta modulated sig- 
nal; 

sigma-delta modulation processing means 
having a plurality of integrators for outputting 
said sigma-delta re-modulated signal; 

level adjustment means for matching the am- 
plitude level of the sigma-delta modulated sig- 
nal entering said sigma-delta modulation 
processing means to the amplitude level of a 
feedback signal to a first-stage integrator em- 
ployed in said sigma-delta modulation process- 
ing means; and 

switching control means for controlling the 
switching by said switching means. 

2. The digital signal processing apparatus as claimed 
in claim 1 wherein a gain ratio between a first-stage 
feedback loop in said sigma-delta modulation 
processing means and the next-stage feedback 
loop is an integer and wherein the pre-set number 
of samples of said input signal delay means is set 
based on said gain ratio. 

3. The digital signal processing apparatus as claimed 
in claim 1 or 2, further comprising pattern coinci- 
dence detection means for detection of coincidence 
of said delayed sigma-delta modulated signal and 
the sigma-delta re-modulated signal over a plurality 
of samples; said switching control means control- 
ling said switching means based on the result of de- 
tection obtained by said pattern coincidence detec- 
tion means. 

4. The digital signal processing apparatus as claimed 
in claim 1, 2 or 3, wherein said switching control 
means sets the initial value of the integrator of said 
sigma-delta modulation processing means to zero 
directly before input of said input signal and/or dur- 
ing the time the delayed sigma-delta modulated sig- 
nal from said input signal delaying means is select- 
ed by switching by said switching means. 

5. The digital signal processing apparatus as claimed 
in claim 1, 2, 3 or 4, further comprising amplitude 
controlling means for controlling the amplitude level 



of a level-adjusted signal having the amplitude level 
adjusted by said level adjustment means; said 
switching control means causing said amplitude 
control means to control the amplitude level of said 
level-adjusted signal after causing said switching 
means to switch from the delayed sigma-delta mod- 
ulated signal from said input signal delaying means 
to the sigma-delta re-modulated signal obtained on 
sigma-delta modulation of said level-adjuated sig- 
10 nal. 

6. The digital signal processing apparatus as claimed 
in claim 1,2, 3 or 4, further comprising: 

15 amplitude controlling means for controlling the 

amplitude level of the level-adjusted signal hav- 
ing its amplitude level adjusted by said level ad- 
justment means; 

20 level difference detection means for detecting 

the difference between the maximum ampli- 
tude level of the level-adjusted signal and the 
amplitude level of the output following ampli- 
tude control during the time said amplitude con- 

25 trolling means is controlling the amplitude level 

of the level-adjusted signal; 

cumulative addition means for cumulatively 
adding the level difference from said level dif- 
3° ference detection means with a maximum am- 

plitude level width length equal to twice the 
maximum amplitude level of said level -adjusted 
signal; and 

35 subtraction control means for gradually sub- 

tracting the cumulative sum of said cumulative 
addition means from the maximum amplitude 
level of said level-adjusted signal after the am- 
plitude control in said amplitude controlling 

40 means; 

said switching control means causing said 
switching means to switch from said sigma-del- 
ta modulated signal to said delayed sigma-del- 
45 ta modulated signal after the end of subtraction 

of said cumulative sum in said subtraction con- 
trol means. 

7. The digital signal processing apparatus as claimed 
50 in any one of the preceding claims, wherein, if a first 

integrator of said sigma-delta modulation process- 
ing means is provided with limiter means for limiting 
an integrated value of sad first integrator with a lim- 
iting value equal to an integer number times the 
55 maximum amplitude level width, said switching con- 
trol means clears the cumulative sum value of the 
cumulative addition means to zero during the time 
said limiter means is operating in a state in which 
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said integrated value is larger than the limiter value. 

8. The digital signal processing apparatus as claimed 
in claim 1, further comprising: 

5 

error detection means for detecting an uncor- 
rectable burst error in said sigma-delta modu- 
lated signal; 

delaying means provided downstream of said 10 
error detection means for delaying said sigma- 
delta modulated signal; 

fade-out means for fading out said sigma-delta 
modulated signal via said delay means; 15 

fade-in means for fading in said sigma-delta 
modulated signal via said delay means: and 

control means for causing said fade-out means 20 
to fade out said sigma-delta modulated signal 
delayed by said delaying means up to directly 
before an uncorrectable burst error immediate- 
ly to a zero level if said error detection means 
detects such uncorrectable burst error in said 25 
sigma-delta modulated signal, said control 
means causing said fade-in means to fade in 
said sigma-delta modulated signal directly after 
said burst error up to the maximum amplitude 
level. 30 

9. The digital signal processing apparatus as claimed 
in claim 8, wherein said fade-out means includes 
amplitude control means for controlling the ampli- 
tude level of the level-adjusted signal having the 35 
amplitude level adjusted by the level adjustment 
means; 

said fade-out means causing said amplitude 
control means to control the amplitude level of said 
level-adjusted signal to execute fade-out process- 40 
ing after said switching control means has caused 
said switching means to switch from the delayed 
stgma-delta modulated signal from said input signal 
delaying means to the sigma-delta re-modulated 
signal from said sigma-delta modulation processing 45 
means. 

10. The digital signal processing apparatus as claimed 
in claim 8, wherein said fade-in means includes: 

so 

amplitude control means for controlling the am- 
plitude level of the level-adjusted signal having 
the amplitude level adjusted by said level ad- 
justment means; 

55 

level difference detection means for detecting 
the difference between the maximum ampli- 
tude level of the level adjusted signal and the 



amplitude level of a level-controlled output dur- 
ing the time said amplitude control means con- 
trols the amplitude level of said level-adjusted 
signal; 

cumulative addition means for cumulatively 
adding the level difference from said level dif- 
ference detection means with a maximum am- 
plitude level width length equal to twice the 
maximum amplitude level of said level-adjusted 
signal; and 

subtraction control means for gradually de- 
creasing, after amplitude control by said ampli- 
tude control means, the cumulative sum of said 
cumulative addition means from the maximum 
amplitude level of said level-adjusted signal; 

wherein said switching control means causes 
said switching means to switch from said sig- 
ma-delta re-modulated signal to said delayed 
sigma-delta re-modulated signal after the end 
of subtraction of said cumulative sum in said 
subtraction control means to execute fade-in. 

11 . The digital signal processing apparatus as claimed 
in anyone of the preceding claims, wherein said sig- 
ma-delta modulation processing means includes: 

a plurality of stages of serially-connected inte- 
grators; and 

a local feedback loop for feeding back an output 
of said plural stage integrators to inputs of pre- 
ceding stage integrators. 

12. A digital signal processing device for causing 
switching means to switch between two-channel 
sigma-delta modulated signal : as an input signal 
obtained by two-channel sigma-delta modulation 
processing, and a sigma-delta re-modulated signal 
derived from the input signal, by switching means, 
comprising: 

sigma-delta modulation processing means 
having a plurality of integrators for outputting 
said sigma-delta re-modulated signal; 

first input signal delaying means for delaying 
sigma-delta modulated signal of one of said two 
channels by a pre-set number of samples for 
outputting a first delayed sigma-delta modulat- 
ed signal; 

first level adjustment means for matching the 
amplitude level of the sigma-delta modulated 
signal to the amplitude level of the feedback 
signal to a first-stage integrator employed in 
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said sigma-delta modulation processing 
means; and 

first amplitude control means for controlling the 
amplitude level of the first level-adjusted signal 
having the amplitude level adjusted by the first 
level adjustment means; 

second input signal delaying means for delay- 
ing sigma-delta modulated signal of the other 
of said two channels by a pre-set number of 
samples for outputting a second delayed sig- 
ma-delta modulated signal; 

second level adjustment means for matching 
the amplitude level of the other sigma-delta 
modulated signal to the amplitude level of the 
feedback signal to the first-stage integrator em- 
ployed in said sigma-delta modulation process- 
ing means; 

second amplitude control means for controlling 
the amplitude level of the second level-adjust- 
ed signal having the amplitude level adjusted 
by the second level adjustment means; 

amplitude control output adjustment means for 
adjusting outputs of said first amplitude control 
means and said second amplitude control 
means; and 

switching control means for controlling said first 
amplitude control means, second amplitude 
control means, sigma-delta modulation 
processing means, amplitude control output 
adjustment means and said switching means; 

said switching control means after switching 
from said first sigma<ielta modulated signal to 
said delta re-modulated signal causing said 
first amplitude control means, second ampli- 
tude control means and the amplitude control 
output adjustment means to control amplitude 
levels of said sigma-delta modulated signal and 
said other sigma-delta modulated signal. 

13. The digital signal processing apparatus as claimed 
in claim 12, wherein a gain ratio between the initial- 
stage feedback loop in said sigma-detta modulation 
processing means and the next-stage feedback 
loop is an integer and wherein the pre-set number 
of samples of said input signal delay means is set 
based on said gain ratio. 

14. The digital signal processing apparatus as claimed 
in claim 12 or 13, further comprising pattern coinci- 
dence detection means for detection of coincidence 
of said first delayed sigma-delta modulated signal 



and the sigma-delta re-modulated signal over a plu- 
rality of samples and for detection of coincidence of 
said second delayed sigma-delta modulated signal 
and the sigma-delta re-modulated signal over a plu- 

5 rality of samples; said first delayed sigma-delta 
modulated signal being switched to the sigma-delta 
re-modulated signal or vice versa based on a con- 
trol signal obtained by said pattern coincidence de- 
tection means and said second delayed sigma-del- 

io ta modulated signal being switched to the sigma- 
delta re-modulated signal or vice versa based on 
the control signal obtained by said pattern coinci- 
dence detection means. 

*5 15. The digital signal processing apparatus as claimed 
in claim 12, 1 3 or 14, wherein said switching control 
means sets the initial value of the integrator of said 
sigma-delta modulation processing means to zero 
directly before input of said input signal and/or dur- 

20 ing the time the delayed signal from said first and 
second input signal delaying means is selected by 
switching by said switching means. 

16. The digital signal processing apparatus as claimed 
2S in claim 12, 13, 14 or 15, wherein said sigma-delta 
modulation processing means includes: 

a plurality of stages of integrators connected in 
series; and 

30 

a local feedback loop for feeding back outputs 
of said plurality of stages of the integrators to 
inputs of preceding stages of the integrators. 

35 17. The digital signal processing apparatus as claimed 
in any one of claims 12 to 16, wherein said ampli- 
tude control output adjustment means incl udes sub- 
traction means for subtracting a pre-set value from 
output signals obtained by said first and second am- 

40 plitude control means. 

18. The digital signal processing apparatus as claimed 
in claim 17, wherein said amplitude control output 
adjustment means determines a subtraction value 

45 jn subtraction means based on an accumulated val- 
ue of the difference between the amplitude level by 
said amplitude control means and the maximum 
amplitude level obtained by said level adjustment 
means. 

so 

19. The digital signal processing apparatus as claimed 
in claim 18, wherein said amplitude control output 
adjustment means includes: 

55 level difference detection means for detecting 

the difference between the first level -adjusted 
signal and an output level after amplitude con- 
trol by said first amplitude control means during 
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the period said first amplitude control means 
controls the amplitude level of the first level-ad- 
justed signal; 

cumulative addition means for cumulatively 
adding the level difference from the level differ- 
ence detection means and the output level after 
control of the amplitude level of the second lev- 
el- adjusted signal by the second amplitude 
control means with the amplitude level width 
lengths of the first and second level-adjusted 
signals; and 

subtraction control means for controlling the 
subtraction means for gradually subtracting the 
cumulative sum of said cumulative addition 
means from an output signal of said amplitude 
control means. 

20. The digital signal processing apparatus as claimed 
in claim 1 9, wherein said switching control means 
after switching from said first delayed delta modu- 
lated signal to said sigma-delta re-modulated signal 
controlling the operation of said first amplitude con- 
trol means and the operation of said second ampli- 
tude control means forcontrolling the amplitude lev- 
els of the sigma-delta modulated signal and the oth- 
er sigma-delta modulated signal, said switching 
control means then gradually causing said subtrac- 
tion value control means to subtract the cumulative 
sum of the cumulative addition means from an out- 
put signal of said amplitude control means, said 
switching control means also causing said switch- 
ing means to switch from an output of the sigma- 
delta modulation processing means to said second 
delayed sigma-delta modulated signal. 

21. The digital signal processing apparatus as claimed 
in claim 20, wherein, if limiter means are provided 
in the first integrator of said sigma-delta modulation 
processing means for limiting an integrated value 
of the first integrator to a limiter value equal to an 
integer numbertimes the maximum level width, said 
switching control means clears the cumulative sum 
value of the cumulative addition means to zero dur- 
ing the time said limiter means is operation with the 
integrated value larger than the limiter value. 

22. The digital signal processing apparatus as claimed 
in claim 18, wherein said amplitude control output 
adjustment means includes level difference detec- 
tion means for detecting the difference between the 
second level-adjusted signal and an output level 
amplitude-controlled by the second amplitude con- 
trol means during the period said second amplitude 
control means is controlling the amplitude level of 
the second level adjusted signal; 

cumulative addition means for cumulatively 



adding the level difference from the level difference 
detection means and an output level after said first 
amplitude control means has adjusted the ampli- 
tude level of the first level-adjusted means with an 
5 amplitude level width lengths of the first and second 
level adjusted signals. 

23. The digital signal processing apparatus as claimed 
in claim 22, wherein said switching control means 

10 after switching from said first delayed delta modu- 
lated signal to said sigma-delta re-modulated signal 
controlling the operation of said first amplitude con- 
trol means and the operation of said second ampli- 
tude control means for controlling the amplitude lev- 

is els of the sigma-delta modulated signal and the oth- 
er sigma-delta modulated signal, said switching 
control means then causing said subtraction value 
control means to subtract the cumulative sum of the 
cumulative addition means gradually from an output 

20 signal of said amplitude control means, said switch- 
ing control means also causing said switching 
means to switch from an output of the sigma-delta 
modulation processing means to said second de- 
layed sigma-delta modulated signal. 

25 

24. The digital signal processing apparatus as claimed 
in claim 23, wherein, if limiter means are provided 
in the first integrator of said sigma-delta modulation 
processing means for limiting an integrated value 

30 of the first integrator to a limiter value equal to an 
integer numbertimes the maximum level width, said 
switching control means clears the cumulative sum 
value of the cumulative addition means to zero dur- 
ing the time said limiter means is operating with the 

35 integrated value larger than the limiter value. 

25. The digital signal processing apparatus as claimed 
in claim 17, wherein said sigma-delta modulation 
processing means is comprised of at least one in- 

40 tegrator and wherein said amplitude control output 
adjustment means detects a remainder from a ref- 
erence value of each stage that is based on the 
structure of the sigma-delta modulation processing 
means, and determines a subtraction value in the 
45 subtraction means provided in an input stage of the 
integrator based on the detected remainder value. 

26. The digital signal processing apparatus as claimed 
in claim 25, wherein said amplitude control output 

50 adjustment means includes remainder value detec- 
tion means for detecting a remainder value from the 
maximum amplitude level width in a first-stage inte- 
grator in said sigma-delta modulation processing 
means; and 

55 

subtraction control means for gradually sub- 
tracting the detected remainder value from the 
maximum amplitude level signal; wherein 
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said switching control means after switching 
from said first delayed delta modulated signal 
to said sigma-delta re-modulated signal con- 
trolling the operation of said first amplitude con- 
trol means and the operation of said second s 
amplitude control means for controlling the am- 
plitude levels of the sigma-delta modulated sig- 
nal and the other sigma-delta modulated signal, 
said switching control means then causing said 
subtraction value control means to subtract the io 
cumulative sum of the cumulative addition 
means gradually from an output signal of said 
amplitude control means, said switching control 
means also causing said switching means to 
switch from an output of the sigma-delta mod- is 
ulation processing means to said second de- 
layed sigma-delta modulated signal. 

27. The digital signal processing apparatus as claimed 

in claim 26, wherein said remainder value detection 20 
means detects a remainder of the sum of the inte- 
grated value and the maximum amplitude level from 
the maximum amplitude level width and wherein 
said subtraction control means gradually subtracts 
from the maximum amplitude level signal the result 25 
of subtraction of the addition remainder obtained on 
subtracting the maximum amplitude level from the 
remainder. 

28. The digital signal processing apparatus as claimed 30 
in claim 25, 26 or 27, further comprising limiter 
means for limiting an integrated value of at least one 
integrator in said sigma-delta modulation process- 
ing means. 

35 

29. The digital signal processing apparatus as claimed 
in claim 28, wherein, when limiter means for limiting 
an integrated value in a first integrator of said sig- 
ma-delta modulation precessing means are provid- 
ed, remainder value detection means for detecting 40 
the remainder value from the maximum amplitude 
level width of a value derived from the limited inte- 
grated value of the first-stage integrator in said sig- 
ma-delta modulation precessing means and sub- 
traction control means for gradually subtracting the 45 
detected remainder value from the maximum am- 
plitude level signal; said amplitude control output 
adjustment means before switching from the first 
delayed sigma-delta modulated signal to the sigma- 
delta re-modulated signal gradually subtracting so 
said remainder value from the maximum amplitude 
level signal entering said sigma-delta modulation 
precessing means, during the period the first de- 
layed sigma-delta modulated signal isselected : us- 
ing said subtraction control means. ss 

30. The digital signal processing apparatus as claimed 
in claim 29, wherein said remainder value detection 



means detects a remainder value from the maxi- 
mum amplitude level width of a value obtained on 
summing the limited integrated value to the maxi- 
mum amplitude level and wherein said subtraction 
control means gradually subtracts the result of sub- 
traction of the sum remainder obtained on subtract- 
ing the maximum amplitude level from the remain- 
der value. 

31. The digital signal processing apparatus as claimed 
in any one of claims 12 to 30, wherein, if limiter 
means for limiting the integrated value is provided 
in the integrator of said sigma-delta modulation 
processing means, a limiter value of the limiting 
means is selected to be an integer number times 
the maximum amplitude level width. 

32. The digital signal processing apparatus as claimed 
in claim 12 to 31 , further comprising mute pattern 
signal generating means in one of the two channels. 

33. The digital signal processing apparatus as claimed 
in claim 25, wherein, when controlling an integrated 
value of the second stage integrator and following 
stage integrators in said sigma-delta modulation 
processing means, said amplitude control output 
adjustment means causes the remainder value de- 
tection means in the pre-set stage to detect a re- 
mainder value from the maximum amplitude level 
width obtained on the basis of a product value 
ahead of the pre-set stage in the sigma-delta mod- 
ulation processing means. 

34. The digital signal processing apparatus as claimed 
in claim 33, wherein, when gradually subtracting the 
remainder value detected by the remainder value 
detection means by subtraction means provided at 
an input stage to said integrator, the subtraction is 
sequentially controlled beginning from the integra- 
tor on the input side, and wherein switching from an 
output of said sigma-delta modulation processing 
means to said second delayed sigma-delta modu- 
lated signal is performed by said switching means. 

35. The digital signal processing apparatus as claimed 
in claim 25, further comprising limiter means for lim- 
iting an integrated value of the second and following 
stage integrators in said sigma-delta modulation 
processing means. 

36. The digital signal processing apparatus as claimed 
in claim 17 or 34, wherein said sigma-delta modu- 
lation processing means includes: 

a plurality of stages of integrators connected in 
series; 

a local feedback loop for feeding back outputs 
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of said plural stages of the integrators to inputs 
of preceding stage integrators; and 

opening/closure means for said local feedback 
loop; 5 

wherein, during the time said switching control 
means selects said first delayed sigma-delta 
modulated signal, said opening/closure means 
opens said local feedback loop; wherein, if the 10 
switching control means sefects the sigma-del- 
ta modulated signal after said sigma-delta re- 
modulation, said opening/closure means 
shorts said local feedback loop and wherein, if 
the switching control means selects the de- 15 
layed second sigma-delta modulated signal, 
said opening/closure means opens said local 
feedback loop before start of subtraction 
processing for the integrator to which is fed 
back the local feedback loop signal. 20 



of the level-adjusted signal, said switching control 
step then causing said amplitude control step to 
control the amplitude of said level-adjusted signal. 

39. A digital signal processing method for causing a 
switching step to switch from two-channel sigma- 
delta modulated signal, as an input signal obtained 
by two-channel sigma-delta modulation process- 
ing, and a sigma-delta re-modulated signal derived 
from the input signal, comprising: 

a sigma-delta modulation processing step us- 
ing a plurality of integrators for outputting said 
sigma-delta re-modulated signal; 

a first input signal delaying step for delaying a 
sigma-delta modulated signal of one of said two 
channels by a pre-set number of samples for 
outputting a first delayed sigma-delta modulat- 
ed signal; 



37. A digital signal processing method in which switch- 
ing between a delayed sigma-delta modulated sig- 
nal obtained on delaying a sigma-delta modulated 
signal as an input signal obtained on sigma-delta 25 
modulation processing and a sigma-delta re-mod- 
ulated signal obtained on second sigma-delta con- 
version processing on the input signal is done by a 
switching step, comprising: 

30 

an input signal delaying step of delaying the 
sigma-delta modulated signal as the input sig- 
nal by a pre-set number of samples and output- 
ting the delayed sigma-delta modulated signal; 

35 

a sigma-delta modulating step for outputting 
said sigma-delta re-modulated signal using a 
plurality of integrators; 

a level adjustment step of matching the ampli- 40 
tude level of the sigma-delta modulated signal 
entering the sigma-delta modulation process- 
ing step to the amplitude level of the feedback 
signal to the first-stage integrator used in said 
sigma-delta modulating step; and 45 

a switching control step for controlling said 
switching step. 

38. The digital signal processing method as claimed in so 
claim 37, further comprising an amplitude control- 
ling step of controlling the amplitude level of the lev- 
el-adjusted signal having its amplitude level adjust- 
ed by the level adjustment step; said switching con- 
trol step causing said switching step to switch the 55 
delayed sigma-delta modulated signal from the in- 
put signal delaying step to the sigma-delta re-mod- 
ulated signal obtained on sigma-delta modulation 



a first level adjustment step for matching the 
amplitude level of the sigma-delta modulated 
signal to the amplitude level of the feedback 
signal to a first-stage integrator employed in 
said sigma-delta modulation processing step; 

a first amplitude control step for controlling the 
amplitude level of the first level-adjusted signal 
having the amplitude level adjusted in the first 
level-adjusted step; 

a second input signal delaying step for delaying 
a sigma-delta modulated signal of the other of 
said two channels by a pre-set number of sam- 
ples for outputting a second delayed sigma-del- 
ta modulated signal; 

a second level adjustment step for match ing the 
amplitude level of the other sigma-delta modu- 
lated signal to the amplitude level of the feed- 
back signal to the first-stage integrator em- 
ployed in said sigma-delta modulation process- 
ing step; 

a second amplitude control step for controlling 
the amplitude levei of the second level-adjust- 
ed signal having the amplitude level adjusted 
in the second level adjustment step; 

an amplitude control output adjustment step for 
adjusting outputs of said first amplitude control 
step and said second amplitude control step; 
and 

a switching control step for controlling said first 
amplitude control step, second amplitude con- 
trol step, sigma-delta modulation processing 
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step, amplitude control output adjustment step 
and said switching step; 

said switching control step after switching from 
said first sigma-delta modulated signal to said 
delta re-modulated signal causing said first am- 
plitude control step, second amplitude control 
step and the amplitude control output adjust- 
ment step to control amplitude levels of said 
sigma-delta modulated signal and said other 
sigma-delta modulated signal. 
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(54) digital signal processing method and apparatus 



(57) A digital signal processing method and appara- 
tus in which no noise is produced when switching be- 
tween an original sigma-delta modulated signal and a 
sigma-delta re-modulated signal obtained on sigma-del- 
ta modulation of the original sigma-delta modulated sig- 
nal. In a digital signal processing device 1 , delay line 3 
delays the original sigma-delta modulated signal from 
an input terminal 2 by a pre-set number of samples. A 
sigma-delta modulator 6 sets the first-stage feedback 
loop to next stage feedback loop gain ratio to an integer 
and outputs a sigma-delta re-modulated signal. A bit 
length converter 5 matches the amplitude level of the 
original sigma-delta modulated signal entering the sig- 



ma-delta modulator 6 to the amplitude level of a feed- 
back signal to a first-stage integrator employed in the 
sigma-delta modulator 6. On reception of a switching 
control signal S D from an input terminal 7, the digital sig- 
nal processing device 1 causes a pattern coincidence 
detector 28 to detect pattern coincidence between the 
original 1-bit signal S A delayed by the delay line 3, hav- 
ing a number of taps corresponding to the gain ratio, 
and a sigma-delta re-modulated 1-bit signal S B , to out- 
put a detection signal S T . This allows a switching con- 
troller 29 to control switching of a changeover switch 4 
to output a signal changed over from S A to S B at an out- 
put terminal 8. 
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